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Fibrinolysin (Human) 


NOT JUST A NEW DRUG...A NEW THERAPY 


SPECIFIC FOR THE DISSOLUTION 
OF INTRAVASCULAR CLOTS 
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WHEN DIURE 


Brand of spironolactone (Aldactone®) with hydrochlorothiazide 


| When resistance to conventional diuretic management develops, Aldactazide 
| offers the only preparation that gives positive diuretic activity in both 
proximal and distal convoluted tubules of the kidneys. This matched activity 
provides true synergistic diuretic effects in relief of edema and ascites, thus 

promoting much greater response than can be obtained with either 
drug alone. 

Hydrochlorothiazide provides a vigorous diuretic action which is prin- 
cipally confined to the proximal convoluted segment of the renal tubules. 
The Aldactone® component of Aldactazide specifically blocks the sodium- 
retaining and potassium-excreting effects of aldosterone in the distal seg- 
ment. This dual diuretic influence not only intensifies diuresis whenever 
aldosterone is a factor but also offsets the potassium loss induced by proxi- 
mally acting diuretics. Therefore, potassium supplementation is not only Se 
unnecessary when Aldactazide is used as the sole diuretic agent but may of the renal tubules to assure: 
rarely cause hyperkalemia. ¢ PROMPT MAXIMAL DIURESIS 

Moreover, since resistance to diuretic therapy is frequently related to ¢ CONTINUED OPTIMAL SAFETY 
increased aldosterone activity, Aldactazide strikingly relieves edema and 
ascites in many patients who are partially or completely unresponsive to 
other diuretic regimens. 

The usual adult dosage of Aldactazide is one tablet four times daily, 6.p. SEARLE « co. 
although dosage may range from one to eight tablets daily, and in some CHHGASS SO, RLMNGIS 
patients intermittent therapy is adequate. ae — 

Aldactazide is supplied as compression-coated white tablets, each 7 
containing 75 mg. of Aldactone (brand of spironolactone) and 25 mg. of 
hydrochlorothiazide. 


promotes excretion of sodium and water in 


Descriptive literature and directions for use available in 
Physicians’ New Product Brochure No. 32 from 


‘ 


g- 
CAUTION. Federal Law pre 
without. 


WALKER LABORATORIES. 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 
use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1. Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 (July) 1955. 2. Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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coronary artery disease 
not limited angina 


... neither is Peritrate 


In postcoronary patients with or without angina, 
Peritrate provides the benefits of substantial and 
sustained increase in myocardial blood flow 
without significant change in cardiac output, 
blood pressure or pulse rate. 


electrocardiographic evidence in 


a patient [with] angina 


Before Peritrate—S-T segment depressed After Peritrate (20 mg. given 4 hours be- 
after standard exercise. fore exercise test) S-T segment now 
normal. 


radioisotopic tracings of 


a postcoronary patient|without| angina 


Before Peritrate—Radioisotopic tracing After Peritrate (20 mg. given 2¥2 hours 
shows reduced myocardial blood flow before study) myocardial blood flow sub- 
(shaded area) after infarction. stantially increased. 


Full dosage information, available on request, should be consulted before initiating therapy. 


*Electrocardiograms, radioisotopic tracings and case histories on file in the Medical Department, 
Warner-Chilcott Laboratories 


basic therapy in coronary artery disease 
—with or without angina 


Peritrate 


brand of pentaerythritol tetranitrate makers of Tedral Gelusil Proloid Mandelamine 


GPi4 


MORRIS PLAINS, 
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The American Journal of Cardiology 


Volume VII APRIL 1961 Number 4 
CONTENTS 

Editorial 


FRANCISCO GALLAND 


Clinical Studies 


Anatomic and Electrocardiographic Correlation of Fallot’s Tetralogy. A Study of 
100 Proved Cases. . . 
SHELDON R. BENDER, LEONARD S. Dreirus AND > DANIEL Downine 
Frequently showing the pattern of right ventricular hypertrophy, the electrocardiogram in 


patients with tetralogy of Fallot neither lends itself to a specific anatomic diagnosis nor per- 
mits any correlation between right ventricular pressure and the height of R in V3. 


Right Ventricular Hypertrophy. Correlation of and Anatomic 
Findings . 
‘GonzaL_o T. Roman, Jr., ‘Tuomas J. WALsH AND EDWARD Massie 
The best criteria for the electrocardiographic diagnosis of right ventricular hypertrophy 
are the following: (1) right axis deviation of AQRS (to the right of +110°); (2) R/S 
amplitude ratio in lead V; > 1 and (3) R/S amplitude ratio in lead V, = or <1. 


The Normal QRS Vectorcardiogram in Infants and Children from Birth to Fifteen 
Years. . 
Homosono B. CALLEJA, RayMonp E. BARKER | AND , Ray Ww. KIssANE 
In the cube system of Grishman the horizontal projection is most informative concerning 
the QRS loop changes from birth to fifteen years. Normally, counterclockwise rotation 
should be seen at four months and the figure of eight pattern absent at ten years. At 
three months and over, the 0.03 second instantaneous vector should not be directed to 
the right. 


The Vectorcardiogram in Direct Posterior Wall Myocardial Infarction . . . . 496 
Epwin L. ROTHFELD, ARTHUR BERNSTEIN, FRED W. WACHTEL AND 
WILLIAM S. KARLEN 


A study of six patients with posterior wall infarctions shows the value cf vectorcardiography 
in differentiating this condition from other causes of prominent R waves in the right pre- 
cordial leads of electrocardiograms, such as right bundle branch block and right ventricular 
hypertrophy. In these vectorcardiograms the early forces of the QRS loop were abnor- 
mally displaced anteriorly and to the right. 


The Vectorcardiogram in Dorsal or Posterior Myocardial Infarction .. . ae 
Joao TRANCHESI, VITOR TEIXEIRA, Munir Epaip, ITALO BoccALANDRO, 
BocANEGRA AND FULvio 


Counterclockwise rotation of QRSsB i in the horizontal plane, the forward direction of these 
predominant forces and the orientation of Tsf in the same direction facilitate the diagnosis 
of posterior infarction in cases in which a tall R wave in the right precordial leads might 
suggest right ventricular hypertrophy. 


Contents continued on page 7 
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prevents anginal pain’* 
| a r an increases exercise tolerance*** 
reduces nitroglycerin requirements*”* 
A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtual abolition of 
the anginal state. With Marplian, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 


is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marplan therapy. Consult literature and dosage information, available on request, before prescribing. aocHE} 


References: 1. W. Hollander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. B, Saunders Co., 1959, 36 R ROGHE 

p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J., June 6, 

1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960. 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. EReORATan eS 
Griffith, Clin. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nery. System, 21 (Suppi.), 101, 1960. Division of Hoffmann-La Rache Inc. 
MARPLAN? — hydrazine 
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Unusual Experiences with Precordial Continuous Murmurs ... . . . . Sil 
WILLIAM SHAPIRO 
This article considers a variety of clinical heart conditions characterized by continuous pre- 
cordial murmurs. 

Electrocardiographic Changes in Recurrent Polyserositis (“‘Periodic Disease’) . . 517 
MARCEL ELIAKIM AND ERNEST N. EHRENFELD 


During an acute attack of recurrent polyserositis, electrocardiographic changes were de- 
tected in three of twelve patients. In two patients these changes suggested pericarditis; in 
the third, nonspecific T wave alterations occurred. 


Experimental Studies 


Angina Pectoris. v. Giant R and Receding S Wave in Myocardial Ischemia and 

Certain Nonischemic Conditions . . 
Aut Exmekcit, Hipeo ToyosHima, JAN K. KwoczynskI, Teruo N AGAYA 
AND Myron PRINZMETAL 
Giant R and decreased S waves observed in human subjects with myocardial infarction 

or the variant form of angina pectoris were reproduced in dogs by acute ischemia. The role 

of the membrane action potential, of electrical conductivity of the extracellular medium 

_ and of the propagation process is discussed. 


Effect of Pentaerythritol Tetranitrate, Amyl Nitrite and Alcohol on Arterial Blood 
Supply to Ischemic Myocardium . 
Davin S. LEIGHNINGER, RAIMUND RUEGER AND CLAUDE S. Beck 


In tests of coronary backflow, the administration of pentaerythritol tetranitrate and amyl 
nitrite added 0.81 and 0.98 cc. per minute respectively to the ischemic circumflex area of the 
dog’s heart. Administration of alcohol decreased intercoronary flow by 1.93 cc. per 
minute. The increased blood flow after pentaerythritol did not reduce mortality or infarct 
size following coronary artery ligation in the dog. 


Review 
Tetralogy of Fallot. Angiocardiographic, Electrocardiographic, Vee ee 
and Hemodynamic Studies of Fallot-type Complex . 


EDUARDO COELHO, EDUARDO DE PAIVA, FERNANDO DE PADUA, 
AMERICO NunEs, SALOMAO AMRAM, BoRDALO E SA AND SALES Luis 

In this extensive clinical review of tetralogy of Fallot the authors divide their cases into six 
groups varying from acyanotic cases to those with extreme cyanosis. Also included are 
cases without overriding of the aorta, with partial transposition of the great vessels and those 
with a single ventricle. All groups show a similar clinical and hemodynamic picture but 
vary in the size of the ventricular septal defect and the degree of right ventricular obstruction. 


Reports on Therapy 


The Diabetogenic Effects of Thiazide Diuretics . . . .... . » 565 
Jacos ZATUCHNI AND FLORENCE KorDASZz 


Two hour postprandial blood sugar levels before and after administration of chlorothiazide 
or trichloromethiazide indicate that thiazide compounds may precipitate or mened hyper- 
glycemia. 


Contents continued on page 9 


7 


: 
{ 
4 
| 
4 
fe 
2 
4 
i 
att 


trademark 
Brand of piminodine ethanesulfonate 


Analgesic potency as great as morphine 
without drowsiness or hypnosis * 


Alvodine, a new and powerful narcotic analgesic, relieves pain as 
effectively as morphine, yet is much safer because it is free from 
the high incidence and severity of morphine’s side effects. Alvodine 
is effective orally as well as parenterally. Alvodine causes almost 
no sedation, drowsiness or euphoria. Respiratory and circulatory 
depression are rare with customary doses; nausea and vomiting are 
uncommon. Constipation has not been reported. 


Preferred agent for specific situations 


Alvodine is especially well suited for postoperative analgesia be- 
cause it permits most patients to remain alert and at the same time 
free from pain. The risk of postoperative pulmonary hypostasis and 
venous stagnation is decreased because the use of Alvodine allows 
patients to be mobilized sooner. 


Alvodine is ideal for ambulatory and semiambulatory patients who 
are in need of strong analgesia. Patients with cancer remain alert 
and can often carry on their normal daily activities when freed of 
pain by oral doses of Alvodine. 


Dosage: Orally, from 25 to 50 
mg. every four to six hours 

as required. By subcutaneous or 
intramuscular injection, 

from 10 to 20 mg. every four 
hours as required. 


How Supplied: Alvodine tablets, 
50 mg., scored. Alvodine ampuls, 
1 cc., containing 20 mg. per cc. 
Narcotic Blank Required. 
LABORATORIES 


(I) New York 18, N.Y. 


Write for Alvodine brochure 
containing detailed information 
on clinical experience, 
addiction liability, side effects 
and precautions. 


*In more than 90% of patients. 
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MATTHEW J. FERGUSON 
Thiazide diuretics can exacerbate the signs and symptoms of previously controlled or latent 


diabetes. This reaction was noted in an elderly patient with diabetes treated for heart 
failure with hydrochlorothiazide. 


New Methods 


Clinical Coronary Angiography... 
Davip Littmann, Davin C. DEAN, "FRANCIS B. Crow ey, Jr., 
Irvine T. Gitson AND JOHN A. WILLIAMs 
Coronary angiography produced satisfactory diagnostic roentgenograms in fifty-two of 
‘sixty attempts and provided important data leading to surgical intervention in six patients. 


Rather unexpected was an apparently normal coronary tree in two patients with clinical 
angina. 


A Modification of the Technic of Transseptal Left Heart Catheterization ._. . 580 
RicHARD Goruin, NorMAN Krasnow, HERBERT J. LEVINE, A. 
NEILL, RICHARD J. WAGMAN AND JOSEPH V. MESSER 


In transseptal left heart catheterization, passage of the catheter over the puncturing needle 
directly into the left atrium can be accomplished without apparent hazard. 


Clinical Case Conference 


Clinical case conference (Cook County Children’s Hospital and Hektoen Institute for 
Medical Research, Chicago, Illinois). 


Historical Milestones 


William Halsted on Refusion of Blood in Carbon Monoxide Poisoning (1883). . . 589 
SAUL JARCHO 
Halsted’s observations on the reinfusion of blood in the treatment for carbon monoxide 
poisoning provide interesting medical and sociologic data on the dramatic gaslight era of 
American medicine as well as information on the centripetal and centrifugal injection of 
blood into arteries and veins which could have practical value in the modern medical and 
surgical management of cardiovascular disease. ; 


Contents continued on page 17 
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“, .. [ISORDIL’S] long duration of action and consistent marked 
activity, establishes it as the first reliable drug for maintenance 
of dilatation of coronary vessels. . .. Good to excellent results were 
obtained in 60 (75%) of these patients as evidenced by improve- 
ment in EKG patterns, increased exercise tolerance, fewer anginal 
attacks and decreased nitroglycerin requirements.” [20% of the 
80 patients] “. . . were rated as having a fair response .. .” 


Leslie, R.E.: Coronary Vasodilators—A Comparative Study (to be published) 


“If this dosage readjustment would have been possible in the 
double blind study we might have noted that 85% instead of 65% 
of all patients would have benefited from isosorbide dinitrate 
{ISORDIL].” 

Fisch, S.; Boyle, A.; Sperber, R.; De Graff, A.C.: A Critical Review of Methods 
Used In E een Somes Coronary Vasodilators in Man, paper presented 


at ican erapeutic Society Annual Meeting, Miami Beach, Florida, 
June 10, 1960. 


IVES-CAMERON COMPANY 
New York 16, N. Y. 


TRADEMARK 


ISORD 


Isordil consistently delivers more active drug to the blood and 
heart— more rapidly and for more prolonged periods of time 


ISOSORBIDE DINITRATE 


“Isosorbide dinitrate [ISORDIL] . . . appears to exert a more con- 
sistent and profound vasodilation of coronary vessels than other 
coronary vasodilators with the exception of nitroglycerin. The 
rapid onset of action and the prolonged effect provide additional 
clinical advantage.” 
Albert, A.: Chronic Coronary Insufficiency—Its Treatment with a New Drug 
(to be published ) 
ISORDIL consistently helps to prevent anginal attacks 
and to reduce their frequency and severity. 


ISORDIL, Isosorbide dinitrate: Effective coronary vasodilator increases flow of 
blood to heart tissue; reduces frequency, duration and severity of anginal attacks; 
increases exercise tolerance; decreases pain and reduces (or eliminates) depend- 
ency on nitroglycerin. Acts rapidly within 15-30 minutes; benefits persist for 
at least 4 hours. Side Effects: transitory typical nitrate throbbing; others are 
insignificant and mild. Dosage: average dose one tablet (10 mg. ) q.i.d., a half 
hour before meals and at bedtime; dosage range 5-30 mg. q.i.d.; individualize 
dose for optimum therapeutic effect; use with caution in patients having glau- 
coma. Supplied: white scored tablets in bottles of 100. 


Literature and Professional Samples Available on Request 
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Case Reports 


Evolution of Ventricular Septal Defect and Pulmonary Stenosis with Left to Right 
Shunt into Classic Tetralogy of Fallot. A Case Report with Clinical, 
Angiocardiographic and Anatomic Correlations . 
Luis Becu, DANAE Ikkos, ARNE LJUNGQVIST AND ULF RuDHE 


Subendocardial fibroelastic thickening of the moderately displaced crista supraventricularis 
is held responsible for the gradually increasing obstruction of the infundibulum of the 
right ventricle which produced a tetralogy of Fallot in an infant initially having clinical and 
roentgenclogic signs of ventricular septal defect, a left to right shunt and moderate infun- 
dibular stenosis. 


Bacterial Endocarditis Due to Salmonella Typhimurium .._—..” 
Harry NusHan, C. GLENN SAWYER, RICHARD O. Rooane AND 
-N. O’NEIL Wanrixy 


Bacterial endocarditis due to salmonella infection is relatively rare and generally fatal. 
- The subject of this case report, a forty-seven year old white woman, proved no exception. 
Antibiotic therapy failed because it could not reach the organisms in the left atrial thrombus. 


Phasic Respiratory Paroxysmal Auricular Tachycardia . . . . . . . . . 613 
SIGFRIDO MONTELLA 


Deep inspiration and carctid sinus pressure produced phasic paroxysmal auricular tachy- 
cardia in a fifty-two year old woman. 


Diagnostic Shelf 


Double Apical Impulse as a Sign of Aortic Aneurysm . . . . . . . . 616 
Apo A. LuIsADA AND R. REICH 


Herein is presented graphic documentation of diastolic apical pulsation due to rebound of 
an aortic aneurysm. 


Spectal Departments 


Index to Advertisers on page 53 
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Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient’s ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. ... 


REFERENCES: 1. Ellis, L. B. et al.: Circulation 17:945, May 1958. 
2. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 8. Riseman, 
J-E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I. 
et al.: Circulation 12:169, Aug. 1955. 5. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. @. Tortora, A. R.: Delaware M. J. 30:298, Oct. 1958. 
7. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 
July 1957. 
Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 

: 1 or 2 tablets q.i.d. before meals and at bedtime, 


according to individual requirements. CML-3619 


What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 
-inducing daytime fogginess. 

Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


probamate) + PETN 


(WALLACE LABORATORIES / Cranbury, N. J. 
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PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 


articles on new findings in cardiology. Asis customary in professional publications, state- 


ments in articles are the responsibility of the authors; articles must be contributed solely 


to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and may not be re- 


produced without permission of the publishers. 


Preparation of Manuscripts 

Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editor; 
include staff position and connection; list biblio- 
graphic references in chronological order as referred 
to in text at the end of the article (not in footnotes). 
Please make certain each reference contains the 
name of author with initials; title of article; name 
of periodical, with volume, page and year. For 
example: Smith, J.S. Treatment of cardiac failure. 


Am. J. Cardiol., 3: 274, 1959. 


Preparation of Illustrations 

So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). Reference to all illustrations 
should be inserted in the text in consecutive order. 
Please follow these identification instructions: 
Write the figure number and the author’s name on 


the back of each illustration and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 


ers for excess illustrations and tables. 


Reviews, Abstracts 

Books for review may be sent directly to the Editor, 
Simon Dack, M.p., The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17. 


Permission to abstract must be obtained from the 
publisher. Only paid circulation journals will be 
permitted to abstract. 


Reprints 

Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17, 
N. Y. Prices are quoted after articles are 
published. 


The American Journal of Cardiology 
466 Lexington Avenue, New York 17, New York 
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Hygroton: 


brand of chlorthalidone 


in hypertension and edema, 
longer in action 
smoother in effect 


Longer action! provides smooth, evenly-sustained therapeutic effect.2 m Potent 
antihypertensive properties facilitate effective treatment of hypertension, frequently 
without auxiliary agents.? gm Safeguards against significant potassium loss.* m Inten- 
sity of saluretic action enables liberalization of dietary salt restriction.? m Simplified 
dosage schedule affords economy of maintenance on just 3 doses per week.? 


References: 1. Ford, R. V.: Current Therap. Research 2:347, 1960. 2. Fuchs, M., and others: Current Therap. Research 

2:11, 1960. 3. Ford, R. V.: Connecticut Med. 24:704-707, (Nov.) 1960. 4. Ford, R. V.: Texas State J. Med. 56:343, 1960. 

Detailed literature available on request. 

Hygroton®, brand of chlorthalidone, is available as white, single-scored tablets of 100 mg. G + 
HY573-61 


Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York 
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DRAMATIC 


physical and emotional 


relvef an 


ANGINA 
PECTORIS 


‘round-the-clock 
protection against 
both pain and fear 


COROVAS 


T'ymcaps 
P COROVAS is a nontoxic, uniform- 
acting, long-acting vasodilator to control 


or prevent attacks of angina pectoris. One 
COROVAS Tymcap upon arising provides 
up to 12 hours of continuous coronary 
vasodilation, and another COROVAS 
Tymcap before the evening meal affords 
maximum protection against seizures all 
night. COROVAS alleviates the associated 
fear of pain. Reduces the need for emer- 
gency nitroglycerin. Safe and effective for 
long-term therapy. 


SUPPLIED — Boxes of 60 and 120. 


PROLONGED, SUSTAINED ACTION OF VASODILATING PENTAERYTHRITOL TETRANITRATE 


(PETN) 30 MG., AND SEDATIVE SECOBARBITURIC ACID 50 MG. IN EACH COROVAS TYMCAP. 
As with all nitrates, use with caution in glaucoma. 


| 
(atc) AMFRE GRANT, INC. 


Brooklyn 26, N. Y. 
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balanced 


cardiac edema - congestive | 
heart failure - premenstrual | 
tension - edema of pregnancy 
toxemia of pregnancy - obesity | 


often invaluable in: epilepsy | 
Meéniére’s syndrome - glaucoma 


Ample diuresis for the usual edema- 
tous patient... gentle... without 
excessive distortion of electrolyte 
or normal water patterns...without 
effect on blood pressure. 

Scored tablets of 250 mg. — of 500 mg. for 7 use. 


DIAMOX 


Acetazolamide Lederle 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York ED 
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let’s stop playing fast and loose 


with linoleic acid 


There seems to be no doubt that /inoleic acid is the 
key factor in dietary reduction of serum cholesterol. 
To reduce serum cholesterol, linoleic acid, the prin- 
cipal po/yunsaturated fatty acid in edible vegetable 
fats, must replace some of the saturated and mono- 
unsaturated fatty acids in the diet, not merely be 
added to the total intake. 


This concept is clearly stated in the following quota- 
tion from a recent JAMA editorial: “It is accepted 
generally that specific alteration in the diet will lower 
the concentration of cholesterol in the blood. The 
most effective results to date have been achieved by 
increasing consumption of polyunsaturated fatty 
acids, particularly linoleic acid.” “*A particular regi- 
men will be effective only if polyunsaturated fatty 
acids are responsible for an appreciable percentage 
of the total fat calories. That is, they must replace 
rather than supplement some of the saturated fats 
and oils already in the diet.””! 


In spite of this clear and unbiased statement, the 
advertising of some margarines seems designed to 
mislead physicians and their patients by capitalizing 
on the publicity given to corn oil as the principal 
source of linoleic acid. The following ambiguous 
claims are typical: 


According to the headline: 
The margarine is made of 100% Corn Oil. Buried 
in the body copy are the words partially hydrog- 
enated. 


Misleading because: 


The partial hydrogenation has largely converted lin- 
oleic acid into saturated fats and into monounsatu- 
rated oleic acid, which has been observed to have no 
effect on serum cholesterol. 


According to the headline: 


Some claim to have twice the corn oil nutritional 
benefit of any other leading spread. 


Misleading because: 
Such a statement obviously implies that this marga- 
rine has twice as much linoleic acid, hence greater 
cholesterol-lowering effect. The truth is that you 
can buy a margarine with significantly higher lino- 
leic acid content in drugstores. 


And so it goes. Literature sent to physicians and 
journal ads to the profession have been equally mis- 
leading. For example, references being cited refer to 
clinical studies with a totally different product. No 
wonder the author of the editorial cited above felt 
compelled to warn physicians about “‘widespread 
misinformation in this field!” 


We don’t like such misleading advertising, and we 
don’t use it to promote Emdee Margarine. We’re 
content to deal in facts: 


e@ Emdee Margarine contains significantly more linoleic 
acid than other corn oil margarines currently mar- 
keted—and contains significantly less of the unnatu- 
ral trans isomer forms of fatty acids. 


e Emdee Margarine—and only Emdee Margarine— 
was used in clinical evaluation studies, even though 
others now cite the references. 


e Emdee Margarine—and only Emdee Margarine— 
has published reports of its value in cholesterol- 
lowering diets, including articles in JAMA?, Geri- 
atrics*, and American Journal of Clinical Nutrition‘. 


Corn oil margarines are not alike. They vary greatly 
in percentage of the active ingredient—linoleic acid. 
Of them all, Emdee Margarine has far more linoleic 
acid. It’s true that our patented linoleic acid-sparing 
process makes Emdee Margarine more expensive. 
But, it’s worth more when you want your patient’s 
serum cholesterol to go down. 


Although the misleading promotion of some marga- 
rines may confuse some of your patients, we feel 
certain that it will not deceive the critical physician 
—and that you will continue to depend, as you al- 
ways have, on the facts and on your own clinical 
evaluation of your patient’s needs. 


PITMAN-MOORE COMPANY 


DIVISION OF ALLIED LABORATORIES, INC., INDIANAPOLIS 6, INDIANA 


special process protected by 
U. S. Patent No. 2,890,959 


EMDEE 


_ margarine 


References: 1. Pollack, H.: J.A.M.A. 172:1165 (Mar. 12) 1960. 2. Boyer, 
P. A.; Lowe, J. G.; Gardier, R. W., and Ralston, J. D.: J.A.M.A. 170:257 
(May 16) 1959. 3. Terman, L. A.: Geriatrics /4:111 (Feb.) 1959. 4. Jolliffe, 
N.; Rinzler, S. H., and Archer, M.: Am. J. Clin. Nutrition 7:451 (July-Aug.) 
1959. 


(SEE OTHER SIDE FOR ADDITIONAL INFORMATION ON EMDEE MARGARINE) 
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Corn oil margarines are not alike in linoleic acid content and, therefore cannot all be of equal 
value in lowering serum cholesterol. Emdee Margarine contains significantly more linoleic acid than 
any other corn oil margarine currently marketed. Emdee Margarine is the on/y margarine with 
published scientific reports of its value in reducing serum cholesterol. 


Serum cholesterol goes down 


when Emdee Margarine is substituted for spreads and shortenings containing more 


saturated or hydrogenated fatty acids. 


Emdee Margarine in place of other spreads and shortenings has been shown to be a practical way to 
lower serum cholesterol without complicating or creating a weight reduction problem. Emdee 

provides effective levels of linoleic acid. In clinical studies, patients accepted Emdee Margarine without 
reservation. Results of these studies indicate Emdee’s effectiveness : 


TEST DIET CONTROL 
300 
290 
‘ WOMEN 
(11 Cases) 
270 
2005 TOTAL 
8 (15 Cases) 
950 ; 
“24055 
2 
© 230 
= 
z 220 
? 
7 MEN 
| (4 Cases) 
200 
TIME IN DAYS 


“Average serum cholesterol values were noticeably 
reduced during the test diet, becoming statistically 
significant at the end of the second ten-day period 
and showing increasing significance at the end of the 
third ten-day period.” 


Jeontrot TREATMENT DIET CONTROL DIET 


OMEN 
(63 CASES) 


MEN 
(238 CASES) 


AVERAGE SERUM CHOLESTEROL mg.% 
a 


= 


024 6 8 10 12 14 16 18 20 22 24 26 28 30 


TIME IN WEEKS 


“In a nine-month study of over 300 inpatients in a 
state institution, it was found that a regimen employ- 
ing a nonhydrogenated corn oil margarine (Emdee 


_Margarine) for other solid fats as the principal dietary 


alteration was effective in achieving and maintaining 
a reduction in blood cholesterol levels.’’? 
References: 1. Terman, L. A.: Geriatrics /4:111 (Feb.) 1959. 2. Boyer, 


P. A.; Lowe, J. G.; Gardier, R. W., and Ralston, J. D.: J.A.M.A. 170:257 
(May 16) 1959. 


When You Want to Lower Blood Cholesterol 


EM 
PITMAN-MOORE COMPANY 


DIVISION OF ALLIED LABORATORIES, INC., INDIANAPOLIS 6, INDIANA 


DEE 


margarine 


To protect flavor and texture, Emdee Margarine is packaged in cans and kept 
under constant refrigeration. The linoleic acid-sparing manufacturing process 
is covered by U. S. Patent No. 2,890,959. 
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these from 


trichlormethiazide 


often the only drug required for satisfactory reduction of blood pressure in both mild and moderate 
hypertension...commonly relieves headache, palpitation, etc.’...may further reduce blood pressure 
levels reached on previous regimens?...usually obviates need for potassium supplements. ..potentiates 
effect of some adjunctive antihypertensive agents, decreasing their dosage needs, thereby reducing 


their potential side effects...economically priced for special benefit of long-term patients. Packaging: 
NAQUA Tablets, 2 and 4 mg., scored, bottles of 100 and 1000. References: (1) Cohen, B. M.: Newer Saluretic Agents 


in the Therapy of Hypertension, paper presented at 6th Internat. Cong. Int. Med., Basel, Switzerland, Aug. 24-27, 1960. 


(2) Ford, R. V.: Am. J. Cardiol. 5:407, 1960. 8-722 
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outstanding 
nutritional 
ach ievement 


MAZO 


fats, no coconut oil, and no cholesterol. 


MaAzoLa Margarine is indistinguishable from other 
quality margarines as to taste, aroma and handling 
characteristics. Thus, it can be part of the regular diet 
for the whole family, including the hypercholesterolemic 
patient. The major ingredient in MazoL_a Margarine — 
liquid Mazota Corn Oil—is NOT hydrogenated, thereby 


preserving its rich content of linoleates. 


Send for free booklet: 
“Recent Advances in the Dietary Control 
of Hypercholesterolemia.” 


MazoLa Margarine is an economical tablespread and 
serves as a solid shortening, rich in linoleates and low in 
saturates—making it an ideal dietary adjunct in the man- 
agement of serum cholesterol. It contains 2 to 3 times as 
much natural linoleic acid as any other margarine readily 
available in grocery stores from coast to coast, and 5 to 8 
times as much as butter. It contains no dairy or animal 


® 
| { \ MARGARINE 
scientifically formulated with 
pure liquid non-hydrogenated 
MAZOLA Corn Oil. 


U.S. Pat. No. 2,955,039 


— 


The average daily intake, two ounces or 56.8 Gm. 
(4 tablespoons) of MAZOLA Margarine, supplies 


Plant sterols (sitosterols) 215 mg. 
Natural tocopherols . 30 mg. 
1870 USP units 
Vitamin D 250 USP units 
Calories ... 415 


Available in the refrigerator sections of grocery 
stores in the same general price range as other 
premium quality margarines, in 1-lb. packages (four 
Y% Ib, sticks). 


BEST FOODS : Division of Corn Products Co., NEW YORK 22, N. Y. 
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When 
blood 
pressure 
must 
come down 


AS IN THIS CASE:' 
Fundus of 62-year-old 
female who has had. 
severe hypertension for 
many years. Photo shows ef- 
fect of pressure at a-v crossings 
and various types of hemorrhage. 
= When you see eyeground changes like 

this —with such hypertensive symptoms as 
dizziness and headache—your patient is a can- 
didate for Serpasil-Apresoline. With this com- 
bination the antihypertensive action of Serpasil 
complements that of Apresoline to bring blood 
pressure down to near-normal levels in many 
cases. Side effects can be reduced to a mini- 
mum, since Apresoline is effective in lower 


dosage when given 
with Serpasil. 
= ‘‘Hydralazine [Apres- 
oline] in daily doses of 
300 mg. or less, when com- 
bined with reserpine, produced 
a significant hypotensive effect in 
a large majority of our patients with fixed 
hypertension of over three years’ duration.’’2 


Complete information sent on request. 


supp.ieD: Tablets #2 (standard-strength), each containing 
0.2 mg. Serpasil and 50 mg. Apresoline hydrochloride. 
Tablets #1 (half-strength), each containing 0.1 mg. Ser- 
pasil and 25 mg. Apresoline hydrochloride. 


/ 2832 MK 


1. Bedell, A. J.: Clin. Symposia 9:135 (Sept.-Oct.) 1957. 
2. Lee, R. E., Seligman, A. M., Goebel, D., Fulton, L. A., 
and Clark, M. A.: Ann. Int. Med. 44:456 (March) 1956. 


Serpasil-Apresoline 


hydrochloride 


(reserpine and hydralazine hydrochloride cisa) 


BA 


SUMMIT, N. J. 
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Two, three and four-channel 
units permitting common 
nel equipped with AC and 4 

DC input for recordings of Se 4 

up to 900 C/S. Simple con- Bs xk 

trols assure easy operation. 


At Right are actual re- 
cordings made with the 
Mingograph, model 42B, ra 

showing one EKG lead 
and three phonocardio- 
graphic curves, each taken ; 


Available through your local 
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Proven 


in over six years of clinical use and 
more than 750 published clinical studies 


Effective 


for relief of anxiety and tension 


Outstandingly Safe 


simple dosage schedule produces rapid, dependable 
l tranquilization without unpredictable excitation 


no cumulative effects, thus no need for difficult 
2 dosage readjustments 


3 does not produce ataxia, change in appetite or libido 


does not produce depression, Parkinson-like symptoms, 
4, jaundice or agranulocytosis 


5 does not impair mental efficiency or normal behavior 


Miltown: 


meprobamate (Wallace) 


Usual dosage: One or two 400 mg. tablets t.i.d. 
Supplied: 400 mg. scored tablets, 200 mg. 
sugar-coated tablets; in bottles of 50. 


Also supplied in sustained-release capsules... 


Meprospan:’ 8 


Available as Meprospan-400 (blue-topped sustained- 
release capsules containing 400 mg. meprobamate), 
and Meprospan-200 (yellow-topped sustained-release 
capsules containing 200 mg. meprobamate). 


‘ei i WALLACE LABORATORIES / Cranbury, N. J. 
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HOW MER/29 DIFFERS FROM OTHER CHOLESTEROL-LOWERING MEASURES 


specific, demonstrated inhibition 
of cholesterol biosynthesis... 


acetate 


acetoacetate 


mevalonic acid 


5-carbon unit (5 steps) 


® 
® 


lanosterol (3 steps) 


zymosterol 


desmosterol 


site of MER/29 action . 


cholesterol 


1 The primary, the ov/y known action of MER/ 29 is to lower the total body pool of 
* sterols (serum and tissue); no effect on any other system or organ reported to date. 


“Using each patient as his own control, the peak total sterol radioactivity after 
* injection of mevalonic acid-2-C'* was compared on and off MER/29. As much 


as a 50 per cent inhibition on MER/29 was observed in some patients.” 
—Steinberg, D.; Avigan, J., and Feigelson, E. B.: Circulation 22:663 (Oct.) 1960. 


3 “Studies of lipid metabolism have stressed the importance of cholesterol bio- 

* synthesis, as opposed to cholesterol intake, in determining cholesterol balance.” 
—National Heart Institute: Diet, Hormones, and Atherosclerosis. .., Bethesda, Md.; U.S. National 
Institutes of Health, 1958. 
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.leading to specific, demonstrated 
advantages in cholesterol-lowering 
the rapy particularly in patients with coronary artery 


disease, generalized atherosclerosis, and other 
conditions thought to be associated 
with abnormal cholesterol metabolism 


MER/29 REDUCES CHOLESTEROL IN AS MANY AS 8 OUT OF 10 
PATIENTS: MER/29 reduces both serum and tissue cholesterol without strict 
adherence to diet. Although some physicians prefer to use MER/29 in conjunction 
with controlled diets, cholesterol can be reduced successfully without such limitation. 


CONCURRENT BENEFITS REPORTED IN SOME PATIENTS: In patients 
with coronary artery disease, some of the concurrent benefits reported include decreased 
incidence and severity of anginal attacks, improved ECG patterns, diminished nitro- 
glycerin dependence, and increased sense of well-being. 


MER/29 HAS PRODUCED FEW SIDE EFFECTS, NO TOXICITY: Patients 
have been treated with MER/29 for continuous periods up to 19 months. In no case 
has there been evidence of serious toxic effects on the function of any vital organ 
or system. Side effects (nausea, headache, dermatitis) are rare and have usually been 
associated with dosages greater than those recommended for effective therapy. 


MER/ 29 is compatible with other cardiovascular therapies. It can be used along with 
measures which control anxiety, hypertension, obesity and other conditions associated 
with cardiovascular disorders. These include nitroglycerin, PETN, and anticoagulants. 
CAUTION: Since long-term MER/29 therapy may be necessary, periodic examinations, including 
liver function tests, ate desirable. Also, since MER/29 inhibits cholesterol biosynthesis, and cho- 


lesterol plays an important role in the development of the fetus, the drug is contraindicated in 
pregnancy. 


DOSAGE: One 250 mg. capsule daily, before breakfast. 


SUPPLIED: Bottles of 30 pearl gray capsules. 
Complete bibliography and product information available on request. 


MER/ 


M ll The Wm. S. aveilt Company 
Se Division of Richardson-Merrell Inc. 


Cincinnati, Ohio» Weston, Ontario Trademark: MER/29® 


(triparanol) 
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for cardiac arrhythmias... obvious advantages 


SQUIBB PROCAINE AMIDE HYDROCHLORIDE 


Pronesty!l offers obvious advantages over quinidine and procaine in the management of cardiac 
arrhythmias: Procaine amide |Pronestyl] should be a “drug of choice in arrhythmias of ventricular 
origin.” '—administered |.V., Pronestyl is better tolerated than a corresponding |.V. dose of 
quinidine—administered |.M., Pronestyl acts faster than |. M. quinidine?—Pronestyl sometimes stops 
arrhythmias which have not responded to quinidine*+—Pronestyl may be used in patients sensitive 
to quinidine—more prolonged action, less toxicity, less hypotensive effect than procaine—no CNS 
stimulation such as procaine may produce. 
Supply: For convenient oral administration: Capsules, 0.25 gm., in bottles of 100. 

For |. M. and |. V. administration: Parenteral Solution, 100 mg. per cc., in vials of 10 cc. 


References: 1. Zapata-Diaz, J., et al.: Am. Heart J. 43:854, 1952. 2. Modell, W.: in Drugs of Choice, C.V. Mosby Co., St. Louis, 1958, p. 454. 
3. Kayden, H. J., et al.: Mod. Concepts Cardiovasc. Dis. 20:100, 1951. 4. Miller, H., et al.: J.A.M.A, 146:1004, 1951, 
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SQUIBB Squibb Quality—the Priceless Ingredient 


A single 30 mg. Pentritol Tempule with 12 hour action 
exhibits an even nitrite release which “tends to pro- 
duce a smooth, prolonged response similar to that of 
the sustained release of modern depot injections.""! 
Duration, frequency, and severity of anginal attacks 
are markedly lessened. Patients showing little prog- 
ress during years of therapy with 80 mg. daily of PETN 
tablets, respond favorably to the smaller dose of 
Pentritol Tempules.2 Kamil and Klinger report the 
response of their patients to a timed-disintegration 
pentaerythritol tetranitrate capsule as excel- 
lent, with nitroglycerin requirements reduced 
as much as 85%.3 


1. Biegeleisen, H. |.: Clin. Med. 2:1005, 1955. 2, Roberts, J. T.: Clin. Med. 
4:1375, 1957. 3. Kamil, M., and Klinger, I.: New York State J. Med. 59:3398, 
1959, 


ARMOUR PHARMACEUTICAL COMPANY 
KANKAKEE, ILLINOIS ° Armour Means Protection 
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PENTRITOL: TEMPULES 


controlled 
disintegration 
capsules 


PENTRITO 
Each Pentritol Tempule is a controlled disintegration capsule 
containing 30 mg. of pentaerythritol tetranitrate in granular 
form. An initial dose of 10 mg. is released at once; a 
second dose 4 hours later; and a third dose 8 hours after 
ingestion. Thus, each Tempule affords at least 12 hours 
of coronary vasodilation. ACTION AND USES: Effective 
therapy for and prophylaxis against anginal attacks. One 
Tempule morning and evening will provide 24 hours of 
effective medication, with a smooth, sustained clinical ef- 
fect that has shown superior results. Pentritol reduces or 
eliminates nitroglycerin requirements, stops or reduces 
frequency of anginal attacks, eliminates or mitigates pain, 
and increases capacity for physical activity. CONTRAIN- 
DICATIONS: Observe caution in glaucoma. DOSAGE: One 
Pentritol Tempule morning and evening, approximately 
12 hours apart. SUPPLIED: Bottles of 60 ana 250. Also 
available: Pentritol®-B Tempules®, with 30 mg. pentaery- 
thrito! tetranitrate and 50 mg. butabarbital, for 12 hours 


: of coronary vasodilation plus sedation. 
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oral aminophylline 


readily tolerated 


_by almost every patient 


one dose g.12h. maintains effective uniform 
blood levels in cardio-pulmonary conditions 


Many patients who cannot tolerate ordi- 
nary aminophylline tablets can now take 
Aminophylline Dura-Tab S.M. without gas- 
tric irritation. The reason: only a fraction 
of this sustained-action aminophylline con- 
tacts the gastric membranes — the balance 
being absorbed slowly all along the intes- 
tinal tract. 


one dose q. 12 h. (1 to 2 Aminophylline Dura- 
Tabs) in adults maintains effective blood levels. 
For children under 10, one-half Dura-Tab q. 8 to 
10 h. @ Indicated in bronchial asthma, pul- 
monary emphysema, congestive heart failure, 
angina pectoris, paroxysmal dyspnea and 
Cheyne-Stokes respiration. 


Bottles of 30, 100, 250—cost comparable to 
ordinary aminophylline tablets. 
*U. S. Patent No. 2,895,881 


Comyabes and literature upon request. 


Wynn PHARMACAL CORPORATION 
Lancaster Ave. at 51st Street, Philadelphia 31, Pa. 
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Over 125 published papers 
since 1953 


ii. 


VENOUS OR INTRAMUS: 


anticoagulant 


Over 131,000,000 doses 


administered to date 


"sponsible for est 
as losely appro. 


COUMADIN® [wark 


Scored table? 


Single Injection” 


one 2 cc. ampul 
and one 
Average Dose: Ir 
and/or cebilitated p 


tenance, dail 


: 
“OR 
jons-le 
UL O-(@ Li 
> 
Ow more widely prescribed 
than allotheroral 
1 ticoagulants 
— 
ENDO LABORATORIES Richmond Hill 18, NewYork 


THE CARNATION WEIGHT REDUCTION PLAN 


This Plan is a new meal-replacement weight reduction regimen 
based on delicious milk products plus a standard multi- 
vitamin-mineral preparation. 


Carnation’s nutritionally-balanced meal-replacement Plan 
supplies 1000 calories and 70 grams of high quality protein. 


EASY FOR PATIENTS TO MAKE 


TAKE 1 standard multi-vitamin-mineral preparation each day. 
MIX one day’s supply (4 glassfuls) of Carnation Plan For- 
mula by stirring together in a container larger than 
a quart: 
1% cups CARNATION INSTANT NONFAT DRY 
MILK 
1 quart WHOLE MILK 
If desired, flavor with instant coffee or a variety of 
extracts. 
Chocolate flavoring adds 30 calories per teaspoonful. 


OR for a Single Glass: Mix a generous % cup Carnation 
Instant with 1 cup whole milk. 


COSTS ONLY 44¢ A DAY 
The total expense for the Carnation Weight Reduction Plan 


-—including the multi-vitamin-mineral preparation—is 44¢ 


a day. Compare this to the price dieters pay for the largest- 
selling pre-mixed product. 


TASTES NATURALLY DELICIOUS 


Because the Carnation Plan Formula is based on fine, pure 
dairy products, it has a fresh milk flavor. Patients can vary 
this flavor by simply adding 3 to 4 teaspoons of instant coffee, 
or 1% teaspoons of any of their favorite extracts, like vanilla, 


per quart. 
AN EFFECTIVE, FLEXIBLE PLAN 


The Carnation Weight Reduction Plan provides balanced 
nutrition. Providing 1000 calories a day, the Plan gives the 
dieter 70 grams of high-quality, hunger-appeasing protein. 
This concentration of protein helps satisfy the appetite, and 
at the same time, keeps up the dieter’s energy. The Plan 
meets the Daily Adult Requirement for all vitamins and 
minerals with established minimums. 
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The physician prescribes the multi-vitamin-mineral prep- 
aration to supply the vitamin-mineral elements outside the 
basic food drink. The physician may also wish to vary the 
number of meals the dieter replaces with the Carnation Plan 
Formula and the number of days the patient stays on the 
regimen. In this way the physician is given the opportunity 
to adjust the regimen of the dieter to suit the needs of each 
individual patient. 

BULK—TO PROTECT AGAINST CONSTIPATION 
Dieters can snack with low-calorie vegetables and greens like 
celery, cucumbers, radishes, green pepper, lettuce. These 
snacks are welcomed by the dieter, and they aid regularity. 
Coffee and tea (without sugar and cream) may be used. 
Plenty of water is generally recommended. 

FOR ALL DIET-CONSCIOUS PATIENTS 
Carnation Nonfat Dry Milk can be recommended apart from 
a meal-replacement diet. All patients interested in weight 
control can get important protein, calcium, and B-vitamins 
the low-calorie way. Only 81 calories in an 8-ounce glass of 
regular Carnation Instant Nonfat Dry Milk. 


concisely. Give complete direc- 
tions. Save your valuable time. 
Generous supply of folders in unique 
tear-out pad. Simply write to 
Carnation Company, Dept. KL-41, Los 
Angeles 19, California. 


Four glasses of the Carnation Weight Reduction For- 
mula and the vitamin-mineral supplement* answer the 
Minimum Daily Adult Requirement for all known vita- 
mins and minerals. Besides 70 grams of high-quality 
protein, 100 grams of carbohydrate, and 36.8 grams of 
fat, the Carnation Weight Reduction Plan provides: 


Vitamin A 
Vitamin D 
Ascorbic Acid (C) 
Thiamin (B)) 
Riboflavin (Bz) 
Niacinamide 
Iron 

Calcium 
Phosphorus 
Iodine 
Pyridoxine (Bg) 
Ca Pantothenate 
Vitamin 
Vitamin E 
Sodium 
Potassium 
Manganese 
Magnesium 
Copper 

Zinc 

Calories 


6540 Units 


500 Units 
76 Mg. 
5.77 Mg. 
8.6 Mg. 
16.8 Mg. 
11.8 Mg. 
2.7 Gm. 
2.1 Gm. 
0.56 Mg. 
1.42 Mg. 
11.8 Mg. 
2.0 Meg. 
10.6 Units 
1.1 Gm. 
3.0 Gm. 
1.0 Mg. 
1.3 Gm. 
1.6 Mg. 
8.0 Mg. 
1000 


Multiples 
of M.D.R. 
13 

1.2 

2.5 


*Calculations are based on a standard multi-vitamin-mineral 
sp pe 1% cups Carnation Instant Nonfat Dry Milk, 


1 quart of whole milk. 


**M.D.R. (Minimum Daily Requirement) has not been 


established. 
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INJECTION 


(metaraminol) 


“_, A Strong pressor effect with a myocardial-stim- 
ulating action in experimental studies,”’ “... Tens 
of thousands of intramuscular and subcutaneous 
injections. ... Not a single instance of tissue in- 


jury was observed,” 


ARAMINE can be administered for pressor effect by any 
route—subcutaneous, direct intravenous, intramuscular, 
intravenous infusion. No slough reported when injected 
into preferred vein of arm. Minimal risk of causing 
arrhythmias. 

Onset of action (intravenous): 1 to 2 minutes. 

ARAMINE is always ready for immediate use—no dilution 
needed. 

ARAMINE is also valuable in shock accompanying ana- 
phylaxis, brain damage, infectious disease, hemorrhage, 


surgery, trauma. 

Supplied: In 1-cc. ampuls and 10-cc. vials (10 mg. metaraminol present as the bitartrate per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 

Additional information is available to physicians on request. 


(Oct. 11) 1958. 
2. Weil, M. H.: J.A.M.A. 171:1868, (Nov. 28) 1959. 
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QUALITY / RESEARCH / mTEGRITY 


to improve 
cardiac 
function 


permits 
accurate dosage titration 


Since initial digitalization and maintenance 
dosage must be carefully individualized, 
Crystodigin fulfills the important require- 
ments of a preferred digitalis. Crystodigin 
is a crystalline-pure, uniformly potent single 
glycoside that is completely absorbed in the 
gastro-intestinal tract. With Crystodigin, 
the maximum therapeutic effect can be 
readily obtained by dosage titration in in- 
crements as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), 
and 0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 

Crystodigin® (crystalline digitoxin, Lilly) 
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EDITORIAL 


Classification of Pulmonary Hypertension 


ULMONARY HYPERTENSION exists when the 

blood pressure within the pulmonary artery 
exceeds the uppermost normal limits (30/15 
mm. Hg).! The term pulmonary hypertension 
is not well defined; as such it covers the whole 
pulmonary circuit. Hence, this definition of 
pulmonary hypertension is inaccurate because 
it gives no idea whatsoever about the pressure 
in the pulmonary capillaries or the pulmonary 
veins. For this reason, the pulmonary vascular 
tree must be divided into two sections both 
from an anatomical and functional point of 
view, the arterial and the venous or veno- 
capillary?* (Fig. 1). The arterial section 
begins with the pulmonary artery at the level 
of the pulmonary valves and ends with the 
small muscular arteries and arterioles; the 
venous or venocapillary section is comprised 
of the capillaries, the pulmonary veins and the 
left atrium up to the mitral valve. The left 
atrium should be included because of its 
hemodynamic importance. 

Classically, the systemic arterial blood pres- 
sure is considered to be maintained by five 
factors; namely, the cardiac output, the blood 
volume, the blood viscosity, the elasticity of the 
main arteries and the peripheral resistance. 
When these factors are studied in the normal 
pulmonary circuit the blood pressure is es- 
sentially maintained by the right ventricular 
output, which determines the pulmonary arterial 
flow, and the vascular resistance (Fig. 2). 
The resistance is produced primarily at the 
level of the small muscular arteries and arterioles 
as well as at the mitral valve. 

Pulmonary Arterial Flow: Normally, the pul- 
monary vascular tree is quite distensible, being 
able to accommodate a large volume of blood 
with very slight increase in blood pressure. 
It is only when the blood flow increases above 
three times its normal value, that is, when it 
exceeds 15 L. per minute, that the blood 
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pressure rises beyond its normal limits.‘~® 
The pulmonary vascular pressure is maintained 
by a delicate balance between flow and re- 
sistance; as a whole, the lung has a wide range 
of adaptability. In normal subjects the re- 
sistances are lessened when the blood flow 
increases, the pressure being constant.*.4—6 

Under abnormal conditions the increase of 
the pulmonary blood pressure also depends on 
the two aforementioned factors; namely, the 
pulmonary arterial blood flow and the vascular 
resistance. Both of them are elevated under 
such conditions (Fig. 3). Under pathologic 
conditions the blood flow through the pulmonary 
artery increases in congenital malformations 
of the heart with left to right shunt,’ post- 
pneumonectomy states,’ and in congenital 
absence of one of the main branches of the 
pulmonary artery.° 

Pulmonary Vascular Resistance: When the 
pulmonary vascular tree is altered either 
through a reduction of its vascular bed or 
through a loss of pulmonary elasticity the 
level of the blood pressure will be elevated 
without an important increase in blood flow. 
This also happens in hypoxic conditions which 
lead to arteriolar constriction and consequently 
towards an elevation of the pulmonary arterial 
blood pressure.® 

When pulmonary hypertension exists the 
resistance of. the pulmonary vascular tree to 
blood flow may occur at different areas as 
follows: (1) in the pulmonary arteries (arterial 
area); (2) in the arteriolar and small muscular 
arteries (precapillary area); (3) in the inter- 
alveolar walls (capillary area); and (4) in 
the pulmonary veins, left atrium or mitral valve 
(postcapillary area) (Fig. 3). Generally speak- 
ing, functional changes should be considered 
very important in the genesis of pulmonary 
hypertension. I will briefly consider each one 
of those possibilities. 
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ARTERIAL 
SECTION 


Fic. 1. 
limits of the arterial and venocapillary sections. R.A. = right atrium; R. V. = 


right ventricle; P. A. = pulmonary artery, Cap. = capillaries; 


VENO CAPILLARY 


SECTION 


Schematic representation of the pulmonary vascular tree and of the 


P. = 


pulmonary veins; L. A. = left atrium; L. V. = left ventricle; Ao. = aorta. 


PULMONARY ARTERIAL 
FLOW 


PULMONARY VASCULAR 
RESISTANCE 


Fic. 2. Blood pressure of the pulmonary vascular tree 
under normal conditions, depending fundamentally on 
two factors: pulmonary arterial flow and pulmonary 
vascular resistance. Resistance is encountered mainly 
within the small muscular arteries and arterioles, and at 
the level of the mitral valve. 


The increased resistance within the pre- 


capillary area depends on the degree of functional — 


narrowing of the arterioles and small muscular 
arteries and on the organic narrowing of these 
vessels. The abnormal functional narrowing 
or increased arteriolar vasoconstriction depends 
on several factors such as the increase of the 
capillary pressure as noted in mitral stenosis; 
curtailment of the capillary bed, an alteration 
noted in interstitial and parenchymatous dis- 
eases of the lung; decreased alveolar oxygen 
tension™.!! as noted in alveolar hypoventilation 
syndromes and in hypoxemic states, as a result of 
alveolar hypoventilation and alveolarcapillary 
block. 

The resistance to the blood flow in the Jeft 
atrium under normal conditions depends on the 
following three main factors: (1) the mitral 


INCREASED PULMONARY 
ARTERIAL FLOW 


Pre- 
Arterial Capillary Capillary Postcopillary 


INCREASED PULMONARY 
VASCULAR RESISTANCE 


Fic. 3. Pulmonary hypertension depends on two factors: 
increased blood flow within the pulmonary artery and 
increased pulmonary vascular resistance. Subdivision 
of the pulmonary vascular tree into areas: arterial, pre- 
capillary, capillary and postcapillary. 


valve area, (2) the diastolic filling pressure of the 
left ventricle and (3) the amount of blood that 
flows through the atrium. In abnormal condi- 
tions the resistance to blood flow in the left 
atrium also depends on these three factors 
and in rare instances others may be revealed, 
such as tumor-like structures (thrombi, myx- 
omas!) and septa’ in the atrium. The 
resistance in the left atrium will be related to 
the reduction of the mitral valve area as in 
mitral stenosis, or to the height of the diastolic 
filling pressure in the left ventricle as in left 
heart failure. In any case the final result will 
be an elevation of the blood pressure in the 
venocapillary section and later in the arterial 
section as well. 

The other places in the pulmonary vascular 
system where resistance to blood flow may be 
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Heart diseases with left to right shunt (with or without 
transmission of the systemic blood pressure) 
Postpneumonectomy states 


Increased Blood 


Flow in the 

Congenital absence of one of the main branches of 
Pulmonary Artery 

the pulmonary artery 


Left atrium 
Postcapillary area 
Pulmonary veins 


Parenchymatous 
Emphysema , 

Capillary and and interstitial 
fibrosis and 


precapillary areas |diseases of the 


granulomatosis 
Increased 
Pulmonary (thromboembolism, 
Vascular Arterial and Vascular diseases | arteritis and 
Resistance < precapillary areas of the lung ‘ primary pulmonary 
(organic, Lhypertens ion 


functional, 


Stenosis or compression of the 
Arterial area 


pulmonary artery 


Extrinsic 
Combined diseases of 


the lung 


Pulmonary compression; 
restriction of the 


thoracic movements 


2 


Fic. 4. Classification of pulmonary hypertension. 


Increased blood flow is not always 


found at the origin of the pulmonary artery; it may begin within one of its main 


branches; 


for example, in patent ductus arteriosus, postpneumonectomy states, etc. 


Under the heading of extrinsic diseases of the lung are considered all functional or struc- 
tural alterations of the lung produced by the following extrapulmonary diseases: de- 
formities of the thoracic cage, thoracic myopathies and extreme obesity, major adhesive 
pleuritis and pleural effusions and bronchial or mediastinal tumor formations. 


offered are the pulmonary veins, when their cross 
section is reduced, either congenitally®—" or 
by thrombus formation’* or through external 
compression;'® and the interalveolar walls, as 
occurs in interstitial or in parenchymatous 
diseases of the lung which reduce the capillary 
area; and in the trunk of the pulmonary artery or its 
main branches as in thromboembolism and 
stenosis!®.2° or compression of these vessels. 

Proposed Classification of Pulmonary Hyper- 
tension: Now that the general outline has been 
briefly considered, touching on the fundamental 
physiologic and physiopathologic aspects, a 
classification is proposed based on this functional 
and anatomical reasoning (Fig. 4). 

Any classification should not be so rigid as to 
impose a clear-cut differentiation between its 
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different groups, since one form may merge into 
the other; its purpose is only to clarify and 
organize the fundamental biologic processes 
concerned. A certain case may initially fit 
into one of the groups but later may acquire 
characteristics that places it into several groups 
at the same time or may even place it in another 
group. Furthermore, some of the functional 
and structural alterations may well be reversible 
as a result of the removal of the offending cause. 
FRANcIscoO GALLAND, M.D. 
Instituto Nacional de Cardiologia 
Mexico, D. F., Mexico. 
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Clinical Studies 


Anatomic and Electrocardiographic 
Correlation of Fallot’s Tetralogy 
A Study of 100 Proved Cases” 


SHELDON R. BENDER, M.D., LEONARD S. DreiFrus, M.D. and DanrEL DowNniIna, M.D., F.A.C.C. 


Philadelphia, Pennsylvania 


LECTROCARDIOGRAPHIC PATTERNS associated 
with the tetralogy of Fallot have been 
described by Woods,' Donzelot et al.? and Sodi- 
Pallares et al.* The purpose of the present 
study was to correlate the electrocardiographic 
and hemodynamic alterations, to establish the 
incidence of so-called characteristic electro- 
cardiographic findings, and to present electro- 
cardiographic abnormalities which have not 
been heretofore stressed. One hundred proved 
cases of Fallot’s tetralogy were analyzed. 


METHODS 


All cases were evaluated by right heart catheteri- 
zation prior to surgery. In many cases angiocardi- 
ography was also performed. Right heart catheteri- 
zation was carried out according to the routine of 
our laboratory. Sleep was induced in infants and 
children usually by sodium pentobarbital. One 
blood sample was secured from the axillary or jugular 
vein, one from each vena cava, three from the right 
atrium, two or three from the right ventricle and two 
from the pulmonary circuit and aorta if these vessels 
could be entered. Oxygen content determinations 
were made employing the Van Slyke apparatus. 
In all patients pressure recordings were made using 
an electromanometer and direct writing polyoscillo- 
graph (Sanborn) or a strain gauge manometer and 
photooscillograph (Electronics for Medicine). Both 
instruments were calibrated against a mercury ma- 
nometer. 

Twelve lead electrocardiograms were secured in all. 
When electrocardiographic evidence for right ven- 
tricular hypertrophy was not seen in lead Vi, leads 
further to the right (V;R and V,4R) were recorded. 
All diagnoses were confirmed by surgical exploration 
or necropsy. 


* From the Departments of Medicine and Pediatrics, Hahnemann Medical College, Philadelphia, Pennsylvania. 
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RESULTS 


Age and Sex: The mean age was 7.3 years, 
with a range from three months to thirty-five 
years. There were sixty male and forty female 
patients in this group. 

Cardiac Rhythm: Regular sinus rhythm was 
present in all but one patient. He had an 
atrial tachycardia. Nodal premature systoles 
were seen in two instances and ventricular 
premature beats in one case. 

P-R Interval: The P-R interval was 0.143 + 
0.004} second. In five patients a first degree 
heart block was present and in one patient 
second degree heart block with Wenckebach 
periods. The P-R intervals ranged from 0.22 
to 0.28 second in these patients. 

P Waves: The P waves were considered nor- 
mal in 50 per cent of the cases. In 28 per cent 
they were tall and peaked in limb lead m1; 
in 11 per cent in both limb lead m and in one 
of the right precordial leads (V; or V2); in 6 
per cent in one of the precordial leads alone 
(usually V2). In three cases the P waves were 
widened and notched only, and in one case 
they were deeply inverted in the right precordial 
leads. 

The frontal plane distribution of AP was 
—30° to +70° with a mean of +38°. In the 
majority of cases it was found within the limits 
of +20° to +50° (Fig. 1). 

QRS Duration and Axis: The QRS duration 
was normal in almost all instances (mean 
0.067 + 0.002 second). -The frontal plane 


+ Standard error of the mean. 
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Fic. 1. Electrocardiographic axes. The AQRS was 


most frequently seen between +100° and +170°. 
P and AT were of no diagnostic significance. 


AQRS varied from —54° through +30° with 
the majority of cases within the +100° to 
+170° range. The mean AQRS was +135° 
(Fig. 1). A right axis deviation was present 
in 96 per cent of the cases. 

QRS in V;: In all but six cases the R/S ratio 
in V, was greater than 1 and was considered 
as evidence of right ventricular hypertrophy. 
The mean height of the R wave in V,; was 
17.32 + 0.75 mm. and the R/S ratio 12.49 + 
0.99. In the forty-four cases in which the 
R/S ratio was greater than 1 in lead V2, the 
mean height of R was 19.25 + 1.17 mm. 

An R or Rs was seen in sixty-nine cases with a 
definite notching or slurring on the upstroke 
of the R wave in forty-nine of these cases. A 
qR was seen in eight, a qRs in three, an rsR’ 
in nine, and an RS or rS in eleven of the cases 
(Fig. 2). 

QRS in Ve: The most frequent configuration 
in this lead was rS (fifty-one cases). A qrS 
was seen in twenty and an RS in nine cases. 
In the other twenty of the patients the R/S 
ratio was greater than 1 in V¢ as well as 
in V,;. Of these, an Rs was seen in nine in- 
stances, a RS in six, a qR in two and an R in 
three cases (Fig. 2). The mean height of R 
in those cases in which the R/S in V¢ was greater 
than 1 was 4.15 + 0.79 mm. 

QRS in aVR: The R/S ratio in aVR was 
greater than 1 in sixty-four of the patients. The 
mean amplitude of the R wave in these. cases 
was 8.13 + 0.039 mm. 

Transition Zone: In a majority of cases the 
transition zone in the precordial leads was 
shifted to the left of Vs (sixty-seven cases). 

S7T-T Segments: In seventy-seven of the 
patients the T wave was upright in V; or V2 
through V.». In eight of the cases T wave in- 
version persisted from the far right precordial 
leads to V3; in three cases, to V4 and in ten 
cases, to Vs or Vs. S-T depression was never 
more than 1.5 mm. 

Right Ventricular Pressure: The mean right 
ventricular pressure was 85.28 + 2.21 mm. 
Hg. Ina majority of cases the right ventricular 
pressure was between 70 and 90 mm. Hg, 
approaching but not exceeding the systemic 
pressure. As can be seen in Figure 3, there 
was no correlation between the right ventricular 
pressure and the height of R in V3. 


COMMENTS 


The electrocardiographic patterns associated 
with tetralogy of Fallot fell essentially into 
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Fic. 3. The correlation of the right ventricular pressure with the height of the R wave in lead V. 


three groups (Fig. 4). Group A (forty-one 
cases) was unmistakably diagnostic of severe 
right ventricular hypertrophy with a marked 
right axis deviation and clockwise rotation, 
AQRS 140° to 170°, a predominant R in 
aVR, a tall, slurred or notched R in V;R 
and V, with deep S waves in V2 through V¢. 
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However, as can be seen in Figure 5, these 
electrocardiograms could not be distinguished 
from many cases of pure pulmonic stenosis. 
Group B (forty-five cases) resembled the first 
group in the standard and unipolar limb leads. 
Unlike this group, however, a predominant R 
wave was seen in V; through Vs. A qR or 
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Fic. 4. The three preponderant electrocardiographic patterns associated with Fallot’s tetralogy. 


V3R 


Group A (forty- 


one cases): RVP 100/0; group B (forty-five cases): RVP 74/0; group C (fourteen cases): RVP 73/3 mm. Hg. 


Groups A and B were indistinguishable from pulmonic stenosis. 
Group C curves are seen in many congenital cardiac lesions in which right ventricular hypertrophy is 


septal defect. 
expected. 


qRs configuration associated with an upright T 
wave was frequently seen in Vs». Group B 
electrocardiograms were frequently confused 
with those seen in ventricular septal defect and 
in pulmonic stenosis (Fig. 5). Group C (fourteen 
cases) represented an indeterminate electro- 
cardiographic pattern which is seen in many 
cases of congenital heart disease associated with 
right ventricular hypertrophy. Frequently, the 
diagnosis of right ventricular hypertrophy was 


made only by the finding of a predominant R . 


wave in V3;R or V4R. A right heart strain 
pattern would not have been suspected from 
the rS or RS complexes in V; of these curves. 

The important electrocardiographic com- 
binations suggesting the presence of tetralogy 
of Fallot may be summarized as follows: (1) 
right ventricular hypertrophy (R/S in V; 
greater than 1), (2) a shift of the transition 
zone to V; or beyond, (3) a frontal plane 
AQRS between 100° and 170° and (4) inversion 
of the T waves in V;R and V; but becoming 
upright from through Vs». Associated find- 
ings worthy of comment were tall and peaked 
P waves in lead 1 or V2 and an R/S ratio 
greater than 1 in aVR. 

Differentiation of Tetralogy of Fallot and Other 


Group B curves are commonly seen in ventricular 


Congenital Lesions: The unmistakable slurring 
or notching in the upstroke of the R wave in the 
right precordial leads is common in both pure 
pulmonic stenosis and tetralogy of Fallot. 
Furthermore, there is no apparent distinction 
of the vectorcardiogram in these two congenital 
cardiac lesions. Both demonstrate electro- 
cardiographic evidence of marked right ventric- 
ular hypertrophy. It is obvious that the 
electrocardiographic differentiation of tetralogy 
of Fallot from pure pulmonic stenosis is im- 
practicable. In fact, the electrocardiograms 
seen in pulmonic stenosis,‘ especially in groups 
II and III with right ventricular pressures 
from 60 to 110 mm. Hg, are indistinguishable 
from those of tetralogy of Fallot (Fig. 5). 
However, when the right ventricular pressure 
in pulmonic stenosis exceeds that of the left 
ventricle (group IV, 110 mm. Hg or greater) 
both right ventricular hypertrophy and marked 
ST-T depression indicative of ischemia usually 
appear in the electrocardiogram. This latter 
finding was seen in only six instances of tetralogy 
of Fallot. The electrocardiographic features in 
keeping with tetralogy of Fallot are commonly 
seen in cases of ventricular septal defect, patent 
ductus arteriosus with right to left shunts and 
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Fic. 5. 


shunt (RVP 150/20). 


in transposition of the great vessels (Fig. 5). 

As expected from our previous studies of 
congenital heart lesions demonstrating right 
ventricular hypertrophy,* there was no apparent 
correlation between the height of R in V; 
and the right ventricular pressure (Fig. 3). 
Because of the anatomic arrangements in 
tetralogy of Fallot, the right ventricular pressure 
usually does not exceed that of the systemic 
ventricle and most of the right ventricular pres- 
sures lie in a narrow range (70 to 100 mm. Hg). 
This was true irrespective of the electrocardio- 
graphic configurations (Fig. 4) or patterns 
(Fig. 3). A normal electrocardiogram was 
seen in only four cases of tetralogy of Fallot. 
On the other hand, 30 per cent of ventricular 
septal defects’ and 15 per cent of cases of 
pulmonic stenosis‘ were associated with normal 
electrocardiograms. 

In conclusion, the electrocardiographic features 
described in this study are diagnostic of right 
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Comparison of the electrocardiographic patterns of: (A) tetralogy of Fallot (RVP 100/0), (B) pure pulmonic 
stenosis (RVP 140/0), (C) ventricular septal defect (RVP 40/0) and (D) patent ductus arteriosus with right to left 


These lesions present similar electrocardiographic features. 


ventricular hypertrophy. However, the pat- 
terns described will not distinguish pure pul- 
monic stenosis or right to left shunts associated 
with other congenital heart lesions from tetralogy 
of Fallot. The specific diagnosis, by the elec- 
trocardiographic method alone, of a congenital 
cardiac lesion demonstrating right ventricular 
hypertrophy should be made with reservation. 


SUMMARY 


1. The electrocardiographic features sug- 
gesting tetralogy of Fallot include: Right 
ventricular hypertrophy (R/S in V; greater than 
1), a shift of the transition zone to V; or beyond, 
a frontal plane AQRS between 100° and 170°, 
and inversion of the T waves in V;R to Vi, but 
becoming upright from V.2 through V¢. 

2. Three groups of electrocardiographic pat- 
terns were noted: group A (forty-one cases) 
suggested severe right ventricular hypertrophy 
and clockwise rotation. Group B (forty-five 
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cases) was suggestive of right ventricular hyper- 
trophy but less clockwise rotation was present. 
A tall R wave in V; associated with a qRs 
complex in Vs was common. Groups A and B 
could not be differentiated from pure pulmonic 
stenosis and group B was suggestive of ventricular 
septal defect. Group C (fourteen cases) pre- 
sented an indeterminate pattern. Right ven- 
tricular hypertrophy was diagnosed only by 
leads taken to the right of V;. This group was 
frequently seen in many cases of ventricular 
septal defect, patent ductus and pulmonic 
stenosis. 

3. There was no apparent correlation of 
right ventricular pressure and the height of R 
in V. 

4. The anatomic diagnosis by the electro- 
cardiographic method alone of a congenital 


heart lesion in which right ventricular hyper- 
trophy is expected is hazardous. 
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Right Ventricular Hypertrophy 


Correlation of Electrocardiographic and Anatomic Findings* 


GonzaLo T. RomANn, Jr., M.pD., THoMAs J. WALSH, M.D. and 
EDWARD MaAssIE, M.D., F.A.C.C. 


St. Louis, Missouri 


HE most widely used criteria for the elec- 
diagnosis of right ventric- 
ular hypertrophy in all probability are those 
devised by Sokolow and Lyon! in 1949 (Table 
1). More recently, some authors have stated 
that the criteria of Sokolow and Lyon are too 
broad and, therefore, are likely to yield a 
significant number of erroneous diagnoses of 
right ventricular hypertrophy in the absence 
of heart disease. 

The criterion of a delayed intrinsicoid de- 
flection in lead V, or V2 (ventricular activation 
time of 0.04 to 0.07 second) has little value in 
the electrocardiographic recognition of right 
ventricular hypertrophy according to our ex- 
perience and that of Milnor.* Likewise, we 
are of the opinion that it is rather superfluous to 
consider the presence of an S wave in V; of less 
than 2 mm. in amplitude as being indicative of 
right ventricular hypertrophy, since this finding 
almost always is associated with an R/S 
amplitude ratio in Vi greater than 1. (The 
converse does not necessarily hold true however.) 
In support of this belief is the report of Walker 
and associates in which ten of twelve cases 
of right ventricular hypertrophy studied had 
an S wave in V; less than 2 mm. in depth and 
in every instance the R/S amplitude ratio in 
V, exceeded 1. If one considers yet another of 
the criteria of Sokolow and Lyon, namely, 
inversion of the T wave in lead aVL or aVF 
in the presence of an R wave greater than 6 mm. 
in amplitude, it is quite apparent that not only 
is this finding not specific for right ventricular 
hypertrophy alone (since there are other ab- 
normalities such as left ventricular hypertrophy 
which can produce the same finding), but it is 
also observed not infrequently in the electro- 
cardiograms of perfectly normal subjects. It is 


equally obvious that Sokolow and Lyon’s 
criterion of an R wave of less than 5 mm, 
in amplitude in V; or V¢ is not satisfactory since 
such waves are frequently observed in the elec- 
trocardiograms of patients without right ven- 
tricular hypertrophy. The presence of an R 
wave in aVR 5 mm. or more in amplitude is 
probably of greater value in the diagnosis of 
right ventricular hypertrophy in children than 
it is in adults, while the ratio of R/S in Vs: R/S 
in V;, of 0.4 or less is perhaps too cumbersome to 
be of practical use in clinical electrocardiog- 
raphy. All of the above considerations merely 
exemplify some of the shortcomings of the cri- 
teria devised by Sokolow and Lyon, though 
similar criticisms can be leveled at those pre- 
sented by many other authors. 

The objective of this study was to determine 
the usefulness and reliability of the criteria 
listed in Table u. In addition we have at- 
tempted to reduce the number of criteria in 
Table 1 to a few having the following advan- 
tages over those of Sokolow and Lyon: (1) 
They should be able to be applied quickly and 
with little difficulty to the clinical interpreta- 
tion of the electrocardiogram. (2) They should 
decrease the frequency of erroneously positive 
diagnoses of right ventricular hypertrophy; 
and (3) they should not lead to significant 
lowering of the incidence of correct diagnoses. 


MATERIALS AND METHODS 


Of the 1,328 autopsied cases whose electrocardio- 
grams were reviewed, the tracings of 118 were selected 
for further study, the basis for selection being that 
each electrocardiogram had to satisfy at least one of 
the criteria listed in Table m and to have a QRS 


‘interval of 0.10 second or less. - Electrocardiograms 


which presented RR’, RSR’, or RSR’S’ deflections 


* From the Department of Medicine, Washington University School of Medicine, and the Heart Station, Barnes 


Hospital, St. Louis, Missouri. 
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TABLE I 


Criteria for the Diagnosis of Right Ventricular 
Hypertrophy * 


I. Voltage of the R and S waves and various ratios: 
(1) The R wave in V; is 7.0 mm. or more. 
(2) The S wave in V; is less than 2.0 mm. 
(3) The S wave in V; or V, is 7.0 mm. or more. 
(4) The sum of the amplitudes of the R wave in 
V; and the S wave in V; or V¢ exceeds 10.5 
mm. in individuals over five years of age. 
(5) The R wave in V; and V, is less than 5.0 mm. 
(6) The ratio of the R to the S wave in V; and V, 
is 1.0 or less. 
(8) The ratio of R/S in V;: R/S in V; is 0.4 or less. 
(9) The ratio of the R wave to the S wave in V; 
exceeds 4.0 in individuals under the age of 
five years. 
(10) The ratio of the R wave to the S wave in V1 
exceeds 1.0 in individuals over the age of 
five years. 
. Delayed onset of the intrinsicoid deflection (delayed 
ventricular activation time), 0.04 to 0.07 second 
in V; and/or V2 (normal = 0.015 to 0.035 
second). 
. Depression of the RS-T segment and inversion of 
the T wave: 
(1) in V4, less often in V2 and V;, when the R wave 
equals or exceeds 5.0 mm. 

(2) in aVL or aVF, when the R wave equals or ex- 
ceeds 5.0 mm. 

. Marked right axis deviation of AQRS greater than 


+110° is suggestive but not in itself diagnostic of 


right ventricular hypertrophy. 


* From Sokolow and Lyon.! 


in lead V; were also included in the special study 
series provided that the QRS duration did not ex- 
ceed 0.10second. The widest QRS duration in any of 
the six extremity leads was used in determining the 
QRS interval. The R/S amplitude ratio in leads V; 
and V; or V¢ was determined by dividing the ampli- 
tude of the tallest R wave in the lead in question by 
the depth of the deepest S wave. 
measured from the top of the P-R segment, and the S 
waves from the bottom of the S-T segment (Fig. 1). 


R R 


Fic. 1. Measurement of the amplitudes of the R and S 
waves. Left, the S-T segment is isoelectric; right, the S-T 
segment is depressed. In either case, the height of the R 
wave is measured from the upper portion of the baseline 
to the peak of the R, and the depth of the S wave is 
measured from the lower border of the baseline to the 
nadir of the S. 


The R waves were - 


TABLE II 
List of Criteria Studied 


. Voltage of the R and S waves and various ratios: 

(1) The R wave in V; is 7.0 mm. or more. 

(2) The S wave in V; or V¢ is 7.0 mm. or more. 

(3) The sum of the amplitudes of the R wave in V; 
and the S wave in V; or V¢ exceeds 10.5 mm. 
in individuals over five years of age. 

(4) The ratio of the R to the S wave in V, is 1.0 or 
less. 

(5) The R wave in aVR is 5.0 mm. or more. 

(6) R/S in V;:R/S in V; is 0.4 or less. 

(7) The ratio of the R wave to the S wave in V; 
exceeds 1.0 in individuals over the age of five 
years. 

(8) The ratio of the R wave to the S wave in V; 
exceeds 1.0 and the R wave is 5.0 mm. or 
more. 

. Depression of the RS-T segment and inversion of the 
T wave in V; when the R wave equals or 
exceeds 5.0 mm. a 

. Right axis deviation of AQRS (from +110° to 

—91°), 


TABLE II 
Anatomic Findings in 118 Cases 


Findings 


Right ventricular hypertrophy 
Chronic pulmonary emphysema 
Mitral stenosis 
Chronic pulmonary emphysema and 
bronchiectasis 
Pulmonic stenosis and interatrial septal 
defect 
Chronic pulmonary emphysema and fi- 
brosis 
Bronchiectasis 
Mitral stenosis, pulmonary emphysema 
and bronchiectasis 
Cystic disease of the lungs 
Primary pulmonary hypertension 
Pulmonic stenosis 
Interatrial septal defect 
Total 
Right and left ventricular hypertrophy 
Hypertensive cardiovascular disease 
Rheumatic heart disease with chronic 
valvulitis 
Chronic pulmonary disease (of varying 
type and causation) 
Total 
Left ventricular hypertrophy 
Myocardial infarction 
Heart grossly normal 
Dextrocardia 
Pulmonary embolism with right ventricu- 
lar dilatation 
Total 
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TABLE IV 
Electrocardiographic Findings* 
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S-T De- 
R/S in | Pressey | R in Vi| S in Vs _ | R/Sin 
RAD R/S in| V; >1 +Sin/| or V, | R/Sin 
of Vi>1;R=or! . V;orV.| = or Ve = | R/Sin 
Findings Aors | >5.0| >7.0 >5.0 in Vi $10.5 57.0 tiv 
Q mm. mm. with R or< 
mm. = 5.0 mm. mm. <0.4 
mm. 
Right ventricular 
hypertrophy 25 5 9 17 9 11 17 16 18 12 
Right and left 
ventricular 
hypertrophy 1 pias 2 3 2 6 10 3 
Left ventricular 
hypertrophy 1 1 2 3 21 29 4 1 
Myocardial 
infarction 6 APs ae 2 1 9 13 3 1 
Normal 1 pie 2 2 1 1 7 10 3 0 
Dextrocardia 1 1 1 1 1 1 1 1 1 
Pulmonary em- 
bolism with 
right ventricu- 
lar dilatation 2 2 1 0 
Total 35 7 16 28 13 12 63 81 33 15 


* All figures in columns represent number of cases. 


Hereafter, this report will concern solely the 118 
cases referred to previously. Patients in this group 
ranged in age between sixteen and eighty-four 
years. 

In correlating the postmortem and electrocardio- 
graphic findings, anatomic right ventricular hyper- 
trophy was considered present when the right ven- 
tricular wall measured 5 mm. or more in thickness 
and the heart weight was greater than the expected 
normal.‘ In one case included in the group with 
anatomic right ventricular hypertrophy, the right 
ventricular wall was only 4 mm. thick but there 
was coexisting right ventricular dilatation.4 Ana- 
- tomic left ventricular hypertrophy was present when 
the left ventricular wall was 13 mm. or more in 
thickness; combined ventricular hypertrophy was 
considered to be present when the above anatomic 


criteria for both right and _ left ventricular 
hypertrophy were satisfied. 
RESULTS 


In Table 1 the anatomic findings at post- 
mortem study are presented in the 118 cases 
whose electrocardiograms satisfied one or more 
of the criteria cited above for the diagnosis of 
right ventricular hypertrophy. These findings 
in turn are related in Table 1v to each of the 
electrocardiographic criteria cited in Table n, 
the values signifying the number of cases with 
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a given anatomic diagnosis whose electrocardio- 
grams satisfied the criterion in question. As 
indicated in Table 1m, of the 118 electrocardio- 
grams satisfying at least one of the criteria for 
the electrocardiographic diagnosis of right 
ventricular enlargement only forty-seven cases 
were found at postmortem to have anatomic right 
ventricular hypertrophy (with or without coexist- 
ing left ventricular hypertrophy), so that there 
was a 60 per cent incidence of erroneous electro- 
cardiographic diagnoses of right ventricular 
hypertrophy in this group of cases (Table v). 
The astonishing frequency of false positive 
electrocardiographic diagnoses of right ventric- 
ular hypertrophy was due in no small part to 
the relative lack of specificity of such criteria as 
the R in V; + S in V; > 10.5 mm. and the 
S in V; or Vg = or > 7 mm. Thus, of the 
electrocardiograms satisfying one or the other 
of the aforementioned criteria for the diagnosis 
of right ventricular hypertrophy, approximately 
60 per cent in each group represented false 
positive diagnoses. It is not surprising that 
twenty-one of sixty-three electrocardiograms 
meeting the criterion of an R in V; + S in 
V; or V, > 10.5 mm. had autopsy-proved left 
ventricular hypertrophy, since it is not uncom- 
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TABLE V 


ne of the Diagnostic Efficacies of the Various Electrocardiographic Criteria for the Diagnosis of Right 
Ventricular Hypertrophy 


Anatomic Findings A* B* Cc D* E* F* 
Right ventricular hypertrophy 35 34 34 30 26 31 
Right and left ventricular hypertrophy 12 8 7 - 2 5 
Left ventricular hypertrophy 33 8 6 4 1 a 
Myocardial infarction 20 12 12 9 8 11 
Normal 15 7 5 2 2 5 
Dextrocardia 1 1 1 1 1 1 
Pulmonary embolus 2 1 1 0 0 1 
Total 118 71 66 50 40 58 
Per cent of cases of right ventricular hypertrophy 100 89.3 87.2 72.3 59.5 76.6 
correctly diagnosed t (47)t (42) (41) (34) (28) (36) 
Per cent of cases of false positive diagnoses of right 60 41 38 32 30 38 
ventricular hypertrophy§ 


* A, criteria as listed in Table 1 (derived from Sokolow and Lyon!); B, RAD, Rin V; = 7.0mm., R/SinV; >1, 
R/S in V. $1; C, RAD, R/Sin V; >1, and/or R/Sin V, S 1; D, RAD and/or R/Sin V; >1 regardless of the R wave 


amplitude; 


E, RAD and/or R/S in V; >1 with the R being 5.0 mm. or more (Milnor*); F, RAD and/or R/S in 


V; >1 with the R being 5 mm. or more and/or R/S in V, S 1. 

} The figures enclosed in parentheses represent the numbers of cases satisfying the criteria. 

¢ The percentage of cases of right ventricular hypertrophy correctly diagnosed was obtained by dividing the total 
number of cases diagnosed as right ventricular hypertrophy into the number of cases in this group having anatomic 
right ventricular hypertrophy or right and left ventricular hypertrophy. 

§ The percentage of cases of false positive diagnoses of right ventricular hypertrophy was determined by dividing 
the total number of cases diagnosed as right ventricular hypertrophy into the number of cases in this group with ana- 
tomic findings other than right ventricular or combined ventricular hypertrophy. 


mon to find in electrocardiograms of patients 
with left ventricular enlargement a relatively 
deep S wave in V; or Ve due to posterior rota- 
tion of sAQRS. This is likewise true in the case 
of the criterion of an S in V; or V, = or > 7mm. 
For these reasons we recommend that the cri- 
teria of an R in V; + Sin V; or V, > 10.5 mm. 
and S in V; or Ve = or > 7 mm. be aban- 
doned. 

In the electrocardiograms of seven of the 


thirty-five cases with anatomic right ventricular - 


hypertrophy, R in aVR was 5 mm. or more in 
amplitude. In six of the seven tracings there 
was coexisting right axis deviation of AQRS 
(to the right of +110°) while in the remaining 
electrocardiogram the R/S amplitude ratio in 
Vi was greater than 1. Of the twelve cases 
with anatomic right ventricular hypertrophy 
whose electrocardiograms met the criterion of a 
depressed S-T segment and inverted T wave in 
V, with an R wave of 5 mm. or more amplitude 
in that lead, all twelve cases presented the 
additional electrocardiographic finding of an 
R/S amplitude ratio in V; exceeding 1. Fif- 
teen electrocardiograms satisfied the diagnostic 
criterion of an R/S in V;: R/S in V; = or < 0.4; 
but in twelve of these electrocardiograms there 


was also an R/S amplitude ratio in lead V; > 1, 
and in the remaining three cases right axis 
deviation of AQRS was present. 

There would seem to be one conclusion to be 
drawn from these observations. The criteria 
of an R in aVR 2 5 mm., a depressed S-T 
segment and inverted T wave with an R wave 
of 5 mm. or more in lead V;, and an R/S in 
V;: R/S in V; = or < 0.4 can be considered su- 
perfluous insofar as their practical value in the 
electrocardiographic diagnosis of right ventric- 
ular hypertrophy is concerned; because -if 
any of these criteria are fulfilled, one or a com- 
bination of the following findings will also be 
present: (1) right axis deviation of AQRS (to 
the right of +110°); (2) R/S amplitude ratio in 
Vi greater than 1; (3) R/S amplitude ratio in 
Vz equal to or less than 1. 

An R wave in lead V; of 7 mm. or more was 
observed in sixteen electrocardiograms and was 
accompanied in eleven of these records by an 
R/S amplitude ratio in V; > 1. In the re- 
maining five cases an R wave in V; equal to or 
greater than 7 mm. was the sole abnormality; 
two of the cases had normal hearts at postmor- 
tem study; two showed left ventricular hyper- 
trophy; and the remaining case had anatomic 
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evidence of combined ventricular hypertrophy. 

Right axis deviation of AQRS (to the right of 
+110°) was observed in the electrocardiograms 
of thirty-five cases, twenty-six of which were 
found to have anatomic right ventricular hyper- 
trophy at postmortem. In six of the remaining 
nine cases, myocardial infarction was respon- 
sible for the right axis deviation of AQRS 
observed in the electrocardiograms. ‘There is 
rarely any difficulty in differentiating right axis 
deviation due to infarction from that due to 
right ventricular hypertrophy since in the 
former other abnormalities related to the 
infarction will be present. Thus, lead 1 in 
right axis deviation due to myocardial infarc- 
tion tends to show the Qr type of QRS configura- 
tion, while in right axis deviation associated 
with right ventricular hypertrophy the QRS 
configuration in this lead is of the rS type. 
Right axis deviation of AQRS was the sole 
abnormality in twelve cases, seven of which 
had myocardial infarction on postmortem 
study; four cases had right ventricular hyper- 
trophy; and in the remaining one, a grossly 
normal heart was found. 

An R/S amplitude ratio in V, exceeding 17 
(regardless of the actual R wave amplitude) 
was observed in twenty-eight of the electro- 
cardiograms in the group of 118 cases studied. 
Twenty of the twenty-eight cases were found 
to have anatomic right ventricular hyper- 
trophy at postmortem. This electrocardio- 
graphic finding was the sole abnormality 
in the electrocardiograms of twelve cases, five 
of which had anatomic right ventricular hy- 
pertrophy alone; one showed evidence of 
right and left ventricular hypertrophy; two 
satisfied the criteria of left ventricular hyper- 
trophy; two had myocardial infarction; and 
the remaining two had grossly normal hearts. 

The combined criteria of an R/S amplitude ratio 
in Vi; > 7 and an R wave in this lead of 5 mm. or 
more were noted in thirteen electrocardiograms, 
and ten of these patients showed anatomic 
evidence of right ventricular hypertrophy. 
The above two criteria were found as sole 
abnormalities in electrocardiograms recorded 
from four patients, one with anatomic right 
ventricular hypertrophy, one with combined 
ventricular hypertrophy, another with myo- 
cardial infarction and one with a grossly normal 
heart. 

An R/S amplitude ratio in lead Ve equal to or 
less than 7 was observed in the electrocardio- 
grams of thirty-three patients, twenty-one of 
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whom were demonstrated to have anatomic right 
ventricular hypertrophy at postmortem study. 
Of the fifteen patients presenting this finding 
as their only electrocardiographic abnormality, 
there were four cases with autopsy-proved right 
ventricular hypertrophy; three with right and 
left ventricular hypertrophy; two with left 
ventricular hypertrophy; two with myocardial 
infarction; two with grossly normal hearts; 
and finally one patient with pulmonary em- 
bolism. 

In the study series of cases, we applied the 
following three criteria to the electrocardio- 
graphic diagnosis of right ventricular hyper- 
trophy: right axis deviation of AQRS; R/S 
inVi>1; R/Sin V, = or <1. For the diag- 
nosis of right ventricular hypertrophy to be made 
in a given electrocardiogram, the tracing had to 
present at least one of the three features cited 
above. However, the diagnostic accuracy of 
the electrocardiogram increased when two of 
the three criteria for right ventricular hyper- 
trophy were satisfied; it was found that twenty- 
seven electrocardiograms met this requirement. 
Of this group twenty-three cases had autopsy- 
proved right ventricular hypertrophy. One 
case had combined ventricular hypertrophy; 
two showed left ventricular hypertrophy and 
one had dextrocardia. 

Comparison of Various Criteria: Table v repre- 
sents an attempt to define the relative diagnostic 
accuracies of single or varying combinations of 


-electrocardiographic criteria for the diagnosis 


of right ventricular enlargement, including 
those of Sokolow and Lyon! listed in Table n, 
those recommended by Milnor* and those pro- 
posed by us. It can be seen that Milnor’s criteria 
exhibited a relatively high percentage of correct 
diagnoses (that is relatively few false positive 
diagnoses) but missed right ventricular hyper- 
trophy in a significant number of the cases. 
On the other hand, the criteria of Sokolow and 
Lyon, which are generally representative of the 
combination of criteria occupying the left side 
of Table u, yielded an impressively large 
number of false positive diagnoses of right 
ventricular hypertrophy. We consider our 
criteria to represent a medium between the 
two extremes just described in that they es- 
tablished the correct diagnosis in forty-one 
of the forty-seven cases of anatomic right ven- 
tricular hypertrophy and at the same time 
yielded far fewer erroneous diagnoses of right 
ventricular hypertrophy than did the criteria 
of Sokolow and Lyon. 
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COMMENTS 

Ideally in clinical electrocardiography, the 
criteria for the electrocardiographic diagnosis 
of a given abnormality such as right ventricular 
hypertrophy should possess the following attri- 
butes: (1) they should be few in number; (2) 
they should be easily applied to the routine 
electrocardiogram with a minimum of time and 
effort required; (3) they should yield an opti- 
mally high frequency of correct diagnoses of 
right ventricular hypertrophy with a cor- 
respondingly low incidence of false positive 
diagnoses; and (4) they should be equally 
applicable to right ventricular hypertrophy 
whatever its causation, whether due to con- 
genital heart disease, chronic cor pulmonale 
or mitral stenosis. 

The criteria proposed by some authorities, 
notably those of Sokolow and Lyon, would 
seem to be diagnostic in all or virtually all 
cases of right ventricular hypertrophy with 
electrocardiographic abnormalities but this 
quality is more than offset by the high incidence 
of false positive diagnoses yielded by these 
criteria and by their multiplicity and cum- 
bersomeness. Furthermore, many of the cri- 
teria are useful primarily in the diagnosis of 
right ventricular hypertrophy due to congenital 
heart disease and fail completely in this pur- 
pose in electrocardiograms of patients with 
right ventricular hypertrophy due to chronic 
cor pulmonale or mitral stenosis. The criteria 
of Braunwald and associates,’ though possessing 
much diagnostic merit, nevertheless are too 
involved to be useful in our opinion. However, 
Braunwald et al. can claim at least one ad- 
vantage for their criteria and that is their appli- 
cability to the electrocardiograms of children 
as well as of adults. 
convinced of the practical clinical usefulness of 
their criteria for the electrocardiographic diag- 
nosis of right ventricular hypertrophy by the 
average cardiologists. 

It is our belief that a closer approach to the 
ideal electrocardiographic criteria for the diag- 
nosis of right ventricular enlargement are those 
proposed by Milnor? which consist of right axis 
deviation of AQRS (+110° to —91°) or an 
R/S in V; > 1, the R in V, being greater than 
5 mm. When Milnor’s criteria were applied 
to the 118 electrocardiograms selected for 
special study, it was found that these criteria 
yielded the lowest incidence (30 per cent) 
of false positive diagnoses of right ventricular 
hypertrophy of any studied. On the other 


Despite this we are not- 


hand, the criteria of Milnor diagnosed only 
59.5 per cent of the cases of right ventricular 
hypertrophy which is to be compared, for 
example, with the incidence of 72.3 per cent 
when the criteria of right axis deviation plus 
R/S in Vi > 1 regardless of its amplitude 
were utilized and with 87.2 per cent when the 
criteria of right axis deviation, an R/S in V; 
> 1 and/or an R/Sin Vz, = or < 1 were utilized. 

The criteria just cited were equally appli- 
cable on the whole to electrocardiograms of 
patients with right ventricular hypertrophy due 
to mitral stenosis or to chronic cor pulmonale 
as well as those with congenital heart disease. 
The same cannot be said for many of the diagnos- 
tic criteria proposed by other authors. Of perti- 
nence in this regard is the fact that fourteen of 
our forty-seven cases with anatomically demon- 
strated right ventricular hypertrophy or com- 
bined right and left ventricular hypertrophy 
were Clinically diagnosed as mitral stenosis; 
twenty-four cases were considered to have 
chronic cor pulmonale; four cases had congeni- 
tal heart disease and in five cases with combined 
ventricular hypertrophy the cause of the cardiac 
abnormality was not entirely certain. The 
predominance of cases of mitral stenosis and 
chronic cor pulmonale in this study series as 
compared to the number of cases of congenital 
heart disease reflects merely the fact that the 
electrocardiograms passing through the Heart 
Station at Barnes Hospital are recorded almost 
exclusively from adults. 


CONCLUSION 


From the observations reported in this paper 
it is concluded that the following criteria are 
superior to those proposed by other authors to 
date in making the electrocardiographic diag- 
nosis of right ventricular hypertrophy: (1) right 
axis deviation of AQRS (to the right of +110°); 
(2) an R/S amplitude ratio in V; > 1, and 
(3) an R/S amplitude ratio in Vs = or < 
1. While only one of these criteria need be 
satisfied to suspect the presence of right ven- 
tricular hypertrophy, the diagnosis becomes 
more certain if two or more of these findings are 
present. 
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The Normal QRS Vectorcardiogram in 
Infants and Children from Birth to 
Fifteen Years 


Homosono B. M.D.,t RAYMOND E. BARKER, M.D. and Ray W. KISsSANE, M.D., F.A.C.C. 


Columbus, Ohio 


EVi1OUs studies on the normal vectorcardio- 
of infants and children have been 
limited to specific age groups. Lasser and 
Grishman! studied eight children whose ages 
ranged from eight months to eight years. 
Lamb and Dimond,’ using their own system of 
electrode placement, studied forty-six patients 
with an age range of one day to ten years. 
Elek et al.* used about the same number of 
patients but limited the study to less than two 
years of age. 

Schaffer and Beinfield* reported the normal 
vectorcardiogram of newborns up to seven 
days. They showed that the spatial vector loop 
of a normal newborn is identical with that of 
an adult with right ventricular preponderance. 
Castellanos et al.° were convinced that patho- 
logic right ventricular hypertrophy in the new- 
born cannot be distinguished from “‘physiologic”’ 
right ventricular hypertrophy. They chose 
the age range from seven months to twelve 
years for their study in fifty-four patients. 
According to these authors, right ventricular 
hypertrophy in this age group is pathologic 
when the rotation of the loop is clockwise in 
the horizontal plane using Frank’s system of 
electrode placement.’ Recently, Rosen and 
Gardberg,’ using both cube and tetrahedron sys- 
tems for comparison, studied infants from birth to 
two and a half years. They found considerable 
variation in the progression of the normal vector 
loop in the horizontal plane of the cube and in 
the frontal plane of the tetrahedron system. 
A period of ‘“‘transition’” from the so-called 
‘physiologic’ right ventricular preponderance 
of the newborn infant to the adult pattern was 
first described by Elek et al. They placed the 


‘transition’ anywhere from twenty-six to 
forty days or over. 

The purpose of this communication is to 
report the normal spatial QRS vectorcardio- 
gram of infants and children from birth to 


fifteen years, inclusive. 


MATERIAL AND METHOD 


A modification of the apparatus described by 
Shillingford and Brigden* was constructed by Hoster- 
man and Wheeler.? This apparatus (Fig. 1) was 
used throughout the study and the methodology is 
as follows: 

“Two simultaneous electrocardiograms are taken 
at 50 mm. per second on a Sanborn direct writing 
electrocardiograph using the vector lead system of 
Grishman.” The tracing obtained is placed on a 
table of the device where the pen track of one of the 
leads is followed at 0.01 second intervals by a lever 
which through a system of mirrors causes a point of 
light to travel in a horizontal axis on a sheet of paper. 
Simultaneously the other lead is followed by another 
lever which imparts the vertical motion to the same 
point of light. At each 0.01 second interval 
a pencil dot is made on the paper at the position of 
the light spot. The direction, magnitude and speed 
of the vector loop can thereby be traced, one of the 
leads representing a horizontal electrical axis and 
the other a vertical axis. By taking three pairs of 
leads the horizontal, frontal and sagittal vectors may 
be drawn—but of course not from the identical 
heart beat.” 

Over 1,000 vectorcardiograms were taken by this 
method from 1951 to 1957 on patients admitted to 
Children’s Hospital and normal infants and children 
brought to the heart laboratory exclusively for vector- 
cardiographic tracing. On the basis of clinical and 
radiologic data, 154 patients were found with normal 
hearts. The 166 QRS vectorcardiograms of these 
patients formed the material for this study. Their 


* From the Cardiological Departments of White Cross Hospital and The Ohio State University College of Medi- 


cine, Columbus, Ohio. 
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Fic. 1. 


Apparatus for recording vectorcardiograms. 


(M, M’) mirrors connected to 


plastic fingers (F, F’). Movement of (F) changes the position of (M) and moves the point 
of light from (L) in a horizontal direction on the screen (SC). Movement of the other 
finger (F’) changes the position of (M’) imparting a vertical motion to the point of light 
reflected from (M). (C) clips hold the electrocardiogram firmly on the table (T). (K) 
knob when turned moves the table to desired position for the fingers (F, F’). B = bat- 
teries; SW = switch; G = graph paper placed on the screen (SC). 


ages ranged from birth to fifteen years, inclusive. 
The sex distribution was equal. 

Only the QRS loops were examined for this study. 
The loops were analyzed in all the three planes for 
the following: (1) morphology of the loop; (2) rota- 
tion of the loop; (3) position of the 0.02, 0.03, 0.04 
and 0.05 second instantaneous vectors. 

The morphology of the loop was described in 
simple terms as triangular, elliptical and a figure of 
eight. Loops assuming other geometric patterns 
were classified as “indefinite.” ‘Early transition” 
pattern in which the first part of the centrifugal limb 
begins to rotate counterclockwise, were also included 
in the “indefinite” group. The loops were also ob- 
served for open or closed configuration. The rota- 
tion of the loop was described as clockwise, counter- 
clockwise or a combination of both. The 0.02, 
0.03, 0.04 and 0.05 second vectors were plotted in all 
planes. 

Six patients in this study were followed with serial 
vectorcardiograms for various lengths of time. The 
youngest was eight days and the oldest seven months. 


APRIL 1961 


Table 1 shows the age group distribution and 
Table is a summary of the morphology and rota- 
tion of the loops in the different age groups. 


TABLE I 
Classification of Age Groups 


No. of 
Age Vectorcardio- 
grams 


0-7 days 
8-14 days 

15 days-1 mo. 
5-12 wk. 

13 wk.—6 mo. 


73 
Total 166 


wa 
Grou 
ps 
I 
14 
13 
I 
22 
7-12 mo. 16 58 
13 mo.-3 yr. 13 
3-6 yr. 19 
6-10 yr. 20 an 
ae 
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TABLE I 
Summary of Morphology and Rotation of QRS Loops 


Horizontal Frontal Sagittal 
Groups 

I II Ill I II III I II III 
Triangular 4 5 7 + 4 3 1 4 7 
Elliptical 9 8 30 3 7 24 9 5 17 
Figure of eight 10 22 10 11 30 28 13 18 13 
Indefinite 12 23 26 17 17 18 11 31 36 
Open loop 2 7 0 2 5 0 4 7 0 
Closed loop | 33 51 re! 33 53 73 31 51 73 
CcCw* 15 3 0 19 20 7 17 37 58 
Cccwt a 29 63 5 9 38 0 1 2 
Cw-CCwt 4 0 0 1 17 17 18 17 13 
CCW-CW$§ | 11 26 10 10 12 11 0 3 0 


* CW = clockwise rotation. 

¢ CCW = counterclockwise rotation. 

¢~ CW-CCW = clockwise-counterclockwise rotation. 
§ CCW-CW = counterclockwise-clockwise rotation. 


RESULTS 


GROUP I: (BIRTH TO ONE MONTH) 


7. Birth to Seven Days: There were four- 
teen patients in this group. Seven patients 
were under four days of age. In the horizontal 
plane there were three figures of eight; two had 
as much left part of the loop as right, and only 
two were entirely in the right anterior quadrant. 
Two of the figures of eight had centrifugal 
limbs more anterior than the centripetal limbs 
and in the other one the reverse was true. 

The 0.02 second instantaneous vector was 
directed exclusively anteriorly and predomi- 
nantly to the right and inferiorly. Occasionally, 
it was oriented to the left and superiorly. 
The 0.03 second vector was oriented anteriorly 
equally to the right or to the left and inferiorly. 
The 0.04 second vector was widely scattered 
anteriorly or posteriorly to the right and 
inferiorly; whereas the 0.05 second vector was 
usually located posteriorly to the right near or 
at the E point. 

From four to seven days a rapid shifting of 
the 0.03 second vector almost exclusively to 
the left, anteriorly and inferiorly took place; 
while the 0.02 second vector remained about 
the same or moved slightly to the left. More 
figures of eight were taking shape in the hori- 
zontal plane. 

2. Eight to Fourteen Days: “Transition” 
forms either as complete forms of figures of 
eight or “early transition” patterns with the 
first part of the centrifugal limb starting to 


rotate counterclockwise dominated the mor- 
phology of the loop in the horizontal plane. 
For lack of a better term, the latter arrange 
ment is classified as ‘“‘indefinite.”’ However, 
a good number were triangular or eliptical with 
no suggestion of transformation into a figure 
of eight pattern. 

3. Fifteen Days to One Month: Of the eight 
patients in this group only two had a defi- 
nite figure of eight pattern in the horizontal 
plane. Two of the six patients who were fol- 
lowed with serial vectorcardiograms actually 
terminated their ‘transition’? period in this 
age group. One of these had a figure of eight 
pattern at age eighteen days and a repeat 
vectorcardiogram at age thirty days showed a 
complete counterclockwise rotation although 
the mean QRS vector was located at +45 
degrees in the horizontal plane. In the other 
patient, the figure of eight was present at age 
ten days and at age twenty-one days “‘transition”’ 
was complete with the mean QRS vector at 
+90 degrees and a counterclockwise rotation 
of the loop in the horizontal plane. 

All patients of group 1 had clockwise rota- 
tion or clockwise-counterclockwise rotation in 
the sagittal plane, whereas in the frontal and 
horizontal planes there were as many clockwise 
as counterclockwise rotations. The 0.04 second 
vector was oriented either anteriorly or pos- 
teriorly to the right and the 0.05 second vector 
was directed posteriorly to the right close to 
the E point. 

Comment: Rapid changes in the morphology 
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Fic. 2. Serial vectorcardiograms of patient, B. G., from eight days to fifteen weeks. Horizontal plane of the cube 


system of Grishman. 


and rotation of the loop characterize the first 
month of life of a newborn. “Transition” 
forms can start even in the first three days of 
life and complete counterclockwise rotation 
can be seen as early as the third and fourth 
weeks in the horizontal plane. The most 
important vectors showing these changes in 
this group are the 0.02 and 0.03 second vectors. 
At birth they are situated anteriorly either to 
the right or left, inferiorly and, occasionally, 
superiorly. By the third and fourth weeks they 
are mostly oriented to the left, anteriorly and 
inferiorly. A few open loops are seen in all 
the three planes, but by far, most of the loops 
are closed. 


GROUP II: (FIVE WEEKS TO ONE YEAR) 


Five to Twelve Weeks: An the horizontal 
plane, figure of eight patterns were frequent. 
The latest onset of “‘transition” seen in this sub- 
group was at two months. There was one 
clockwise rotation with no tendency to an early 
formation of a figure of eight at age three 
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months. The loop, however, was predomi- 
nantly in the left anterior quadrant in the 
horizontal plane. 

Thirteen Weeks to Six Months: Again, figure 
of eight patterns were common. There was 
no clockwise rotation in the horizontal plane. 
Because of the dominance of figure of eight 
patterns as in the previous subgroup (five to 
twelve weeks) rotation of the loop was fre- 
quently counterclockwise-clockwise. 

Seven Months to One Year: Rotation in this 
subgroup was all counterclockwise in the 
horizontal plane. There were only occasional 
figures of eight. 

Comment: ‘‘Transition” forms dominate the 
first two subgroups. The third subgroup 
(seven months to one year) has all counter- 
clockwise rotation with only occasional figures 
of eight. The 0.02 and 0.03 second instanta- 
neous vectors are directly to the left, anteriorly 
and inferiorly. The 0.04 second vector can 
point either to the right or left, anteriorly or 
posteriorly and inferiorly or, occasionally, 


8 days 2 mo. 
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t 
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superiorly. This variability in the orientation 
of the 0.04 second vector is due to the fact 
that the centripetal limb may pass the E point 
either to the right or left. The 0.05 second 
vector has little or no change from its previous 
position in group 1. Again, a few open loops 
are seen in all three planes. 


GROUP III: (THIRTEEN MONTHS TO 
FIFTEEN YEARS) 


Thirteen Months to Three Years: In the hori- 
zontal plane there were three figure of eight 
patterns. While the 0.02 and 0.03 second 
vectors were directed to the left, anteriorly and 
inferiorly, the 0.04 second vector had now 
shifted mostly to the left, posteriorly and 
inferiorly. In addition, a few 0.05 second 
vectors were seen pointing to the left, pos- 
teriorly and inferiorly. 

Three to Six Years: ‘There were three figure 
of eight patterns in the horizontal plane. The 
0.04 second vector was exclusively to the left, 
inferiorly and posteriorly and, occasionally, 
anteriorly. The 0.05 second vector continued 
to shift more to the left, posteriorly and in- 
feriorly. The 0.02 and 0.03 second vectors 


remained the same and no further change was | 


seen in the older age groups, except for slight 
leftward shift but still maintaining their anterior 
orientation. 

Six to Ten Years: ‘There were also three 
figure of eight patterns in the horizontal plane. 
The last figure of eight was seen in one patient 
at eight years. The 0.05 second vector was 
now oriented exclusively to the left, posteriorly 
and inferiorly. Frequently it pointed superiorly. 
Furthermore, the 0.05 second vector was now 
farther away from the E point. 

Ten to Fifteen Years: There were no figure 
of eight loops in this subgroup. All loops 
appeared to be normal adult patterns. There 
were no open loops in all three planes. 

Comment: Counterclockwise rotation in the 
horizontal plane is evident in this group. The 
last trace of figure of eight pattern is seen in the 
subgroup from six to ten years. Complete adult 
pattern, characterized by counterclockwise rota- 
tion in the horizontal plane and a more pos- 
teriorly oriented loop, is present in the last sub- 
group from eleven to fifteen years. The change 
in the orientation of the 0.04 and 0.05 second 
vectors is an important hallmark that separates 
this group from the previous groups 1 and 1. 
All loops are closed. 


SERIAL TRACINGS 


The six patients with serial vectorcardiograms 
showed different ages of onset and termination 
of the “transition” period. The earliest ‘‘transi- 
tion” was seen in one patient at age ten days 
and the “‘transition’” was completed in a very 
short time at twenty-one days of age. The 
latest onset in this group was at six weeks and the 
latest completion was at seven months. Figure 
2 shows the progressive changes in the serial 
QRS vectorcardiograms of a patient from age 
eight days to age fifteen weeks as seen in the 
horizontal plane. 

Comment: The wide variation in time of onset 
and termination in the “transition” period of 
these six patients may in part explain the diffi- 
culty of differentiating pathologic from “‘physio- 
logic” right ventricular hypertrophy in this age 
group. A correlation of the standard height 
and weight with serial vectorcardiograms of 
normal subjects may delimit this variability to a 
certain extent and possibly predict the progres- 
sion of the vector loop in its development to a 
normal adult pattern. 

Figure 3 is a scattergram of the 0.02, 0.03, 
0.04 and 0.05 second vectors plotted in the 
horizontal plane of groups 1, u and m1. The 
arrows represent in a schematic way the 
direction of the corresponding vectors. 


COMMENTS 


The division of the cases into three large age 
groups from birth to fifteen years was arrived at 
after all the data were compiled. The rapid 
changes in the vector loop both in morphology 
and rotation in the first months of postnatal 
life prompted us to subdivide group 1 (birth to 
one month) into smaller age groups of: birth 
to seven days, eight to fourteen days and fifteen 
days to one month. After the first month the 
changes consist in the transformation of the loop 
into the figure of eight pattern or in the process 
of unwinding. This approximately spans the 
period of group 1 from five weeks to one year, 
inclusive. Group m1 includes all patients from 
one to fifteen years. The changes in this period 
are much slower than in the previous two 
groups, consisting mainly in a posterior dis- 
placement of the loop with increasing age. 
Counterclockwise rotation in the horizontal 
plane is invariably present. 

The observations of Keen" in his study of 
the postnatal development of the human ven- 
tricles from birth to sixteen years, inclusive, ade- 
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Group l Group 2 Group 3 
(birth to 1 month) (1 month to 1 year) (1 year to 15 years) 
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Fic. 3. Scattergram of 0.02, 0.03, 0.04 and 0.05 second vectors plotted in the horizontal plane. 


quately justify this age grouping. He found 
a rapid change in the ratio between the right 
and left ventricular mass amounting to about 
75 per cent during the first month of life. 
Thereafter, a slower change in this ratio takes 
place until the age of six months. From then 


APRIL 1961 


on the ratio between the right and left ventricle 
consistently assumes adult proportions. These 
rapid changes in ratio are made possible by 
right ventricular atrophy accompanied by a 
rapid increase in the left ventricular mass dur- 
ing the first months of life. The right ventricle 
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Group 1 Group 2 Group 3 
(birth to 1 month) (1 month to 1 year) (1 year to 15 years) 
Fic. 4. Progression of the vector loop from birth to fifteen years (horizontal plane). ----------- = range or 
clockwise rotation (0-4 mo.); ------ = range of “transition” period (neonatal period to 10 years); 2, 3, 4, 


5 represent 0.02, 0.03, 0.04 and 0.05 second instantaneous vectors, respectively. 


does not regain its weight at birth until the first 
year of life is reached. 

According to Elek et al.* the loop is located 
in the right anterior and inferior quadrant in 
the first month of life. Our findings do not bear 
out this assumption. We found a wide range of 
variation as did Rosen and Gardberg’ in their 


study. The 0.02 and 0.03 second vectors, al- 


though exclusively oriented anteriorly, may 
point either leftward or rightward. Figure of 
eight patterns may start to appear in the first 
three days of life. 

The “‘transition”’ period is extremely variable, 
either in onset or termination. Roughly, the 
whole “‘transition’’ period is delimited by the 
neonatal period and the end of the first decade. 
Although most of this period is encompassed by 
group 1 (five weeks to one year), the bound- 


aries at both ends are not sharply defined. - 


The tracings of the six patients who had serial 
vectorcardiograms through their “transition” 
indicate that the duration of the “transition” 
period can be as short as two weeks and as long 
as five to six months. Actually, the presence of 
figure of eight patterns past five to six months 
in group 11 exclusive of these six patients may 
mean longer periods of “‘transition.”” Perhaps 
it can be safely said that the normal “‘transi- 
tion” period does not go beyond the first decade 
of life. Elek et al.* noted a figure of eight pattern 
in a thirty-eight year old patient with “‘incom- 
plete right bundle branch block” in the electro- 
cardiogram. Lamb and Dimond? state that a 
figure of eight in the horizontal plane is un- 
common in a normal adult over the age of 


twenty years. We did not find any figure of 
eight in the horizontal plane in the twenty-one 
patients included in the subgroup from ten 
to fifteen years. 

From birth to one year the duration of the 
QRS loop is about 0.45 to 0.58 second. The 
rapid changes of the QRS loop in the first month 
are best depicted by the 0.02 and 0.03 second 
instantaneous vectors. A change from right to 
left anterior takes place in the first month with 
these vectors. After the third month the 0.02 
second vector is exclusively to the left of the E 
point, directed anteriorly or posteriorly and in- 
feriorly. The 0.02 second vector may shift 
somewhat to the right as the centrifugal limb of 
the figure of eight becomes more anterior than 
the centripetal limb. Accompanying this 
change in the 0.02 and 0.03 second vectors, the 
loop reverses its rotation from clockwise to 
counterclockwise. Approximately at the fourth 
month, all loops have assumed counterclockwise 
rotation in the horizontal plane. 

After the first year the QRS progressively 
widens until it reaches the adult dimension at 
ten to fifteen years. With the widening of the 
QRS loop, the 0.04 and 0.05 second vectors 
begin to shift to the left. The 0.02 and 0.03 
second vectors remain in anterior, inferior and 
directed to the left. The 0.04 second vector 
starts to shift to the left, posteriorly and in- 
feriorly soon after the first year and completes 
the movement to this quadrant at three to six 
years. The 0.05 second vector follows closely 
the migration of the 0.04 second vector to the 
same quadrant. At ten to fifteen years a normal 
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adult pattern is uniformly present and the QRS 
loop measures about 0.08 second. All loops are 
closed, all are rotated counterclockwise in the 
horizontal plane, and all clockwise in the sagit- 
tal, and either clockwise or counterclockwise in 
the frontal. 

The progression of the QRS loop in the hori- 
zontal plane from birth to fifteen years is the 
most informative in the cube system. It epito- 
mizes the broad spectrum of a rapidly changing 
vectorcardiogram covering the whole period of 
infancy and childhood in an _ uninterrupted 
fashion. These progressive changes are repre- 
sented in a schematic way in Figure 4. In this 
diagram, the range of clockwise rotation and 
the “transition”? period is purposely extended 
to four months and ten years, respectively, al- 
though the latest examples of each are at three 
months and eight years in this series. Further 
studies are needed to delineate a sharper de- 
marcation line for these two parameters. 


SUMMARY 


One hundred sixty-six QRS _ vectorcardio- 
grams from 154 patients with normal hearts 
have been analyzed according to morphology 
and rotation of thé loop and position of the 0.02, 
0.03, 0.04 and 0.05 second instantaneous vec- 
tors. The patients’ age ranged from birth to 
fifteen years inclusive. The vectorcardiograms 
were taken with an apparatus similar to that of 
Shillingford and Brigden using the cube system 
of Grishman. 

Variations in the morphology and rotation of 
the QRS loop are not uncommon in the first 
month of life. The “‘transition’’ period has also 
considerable variation as to the time of onset 
and termination. As a rule, in the horizontal 
plane of the cube system, counterclockwise rota- 
tion should be seen at four months,and the figure 
of eight pattern should be absent at ten years 
in a normal vectorcardiogram. At three months 
and over, the 0.03 second instantaneous vector 
normally should not be directed to the right. 
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The horizontal plane of the cube system of 
Grishman gives the most information relative 
to the progressive changes in the QRS loop from 
birth to fifteen years. 
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‘The Vectorcardiogram in Direct Posterior 
Wall Myocardial Infarction’ 


Epwin L. RoTHFELD, M.D., ARTHUR BERNSTEIN, M.D., F.A.C.C., FRED W. WACHTEL, M.D. 
and WiL.1AM S. KARLEN, M.D. 


Newark, New Jersey 


Ye vectorial concept of the electrical ac- 
tivity of the heart implies that when myo- 
cardial infarction occurs, the involved fibers are 
rendered electrically inert, and the early forces 
of the QRS loop are directed away from the 
inert area. Since the electrical forces generated 
by depolarization of the posterior wall of the 
left ventricle are directed to the left and poste- 
riorly, it may be assumed that infarction of this 
area would result in abnormal early forces 
oriented to the right and anteriorly.’:? This 
would cause prominent R waves in right pre- 
cordial leads of the scalar electrocardiogram, 
but would produce no characteristic changes in 


the extremity leads since the altered forces are 


directed perpendicular to the frontal plane. 
Unfortunately, increased amplitude of the R 
wave in right precordial leads may not be rec- 
ognized as indicative of myocardial infarction 
and may be incorrectly interpreted as evidence 
of right ventricular hypertrophy or right bundle 
branch block. 

The purpose of this report is to demonstrate 
the value of the vectorcardiogram in establish- 


ing the diagnosis of direct posterior wall in- - 


farction and in distinguishing it from other 
causes of prominent R waves in right precordial 
leads. 


MATERIAL AND METHODS 


Vectorcardiograms have been obtained in eighty- 
four patients with myocardial infarction. In six 
cases the early QRS forces were abnormally displaced 
to the right and anterior. All of these had definite 
clinical and laboratory evidence of myocardial in- 
farction including characteristic serial serum trans- 
aminase changes. One case was confirmed by 
necropsy. There was no clinical or roentgenologic 
evidence of pulmonary infarction, chronic pul- 


monary disease or right ventricular hypertrophy in 
any of the six patients. 

Vectorcardiograms were obtained with a Sanborn 
vectorcardiograph employing the cube reference 
system.’ Electrocardiograms, including standard 
and unipolar extremity leads and routine precordial 
leads, were recorded with a Sanborn electrocardio- 


graph. 


CasE REPORTS 


Casg 7. A fifty-seven year old white man was 
admitted to the hospital on March 23, 1960, with 
complaints of crushing substernal pain, nausea and 
dizziness of four hours’ duration. Physical examina- 
tion revealed a blood pressure of 140/70 mm. Hg 
and sinus bradycardia of 52 per minute. The heart 
sounds were distant, but no other abnormalities were 
noted. The serum glutamic oxaloacetic trans- 
aminase (SGO-T) obtained one hour after hospital- 
ization was 115 units (normal, 40 units). He was 
treated with opiates, oxygen and anticoagulants. 
Despite large doses of morphine, his substernal pain 
persisted. On March 25, 1960 he suddenly expired 
approximately forty-eight hours after admission. 

The electrocardiogram taken at the time of hospital- 
ization on March 23, 1960 (Fig. 1A) shows deep 
Q waves and striking elevation of the S-T segments in 
leads u, mt and aVF. There is marked depression 
of the S-T segments in precordial leads Vi, V2 and 
V;. Twenty-four hours later (Fig. 1B), there are 
deep Q waves with less elevated S-T segments and 
inverted T waves in leads un, m and aVF. The QRS 
complex in aVR is now upright. Prominent R 
waves are seen in leads V; and V2, and the S-T 
segment is isoelectric in the right precordial leads. 
The T wave is inverted in leads V; and Vs. In the 
vectorcardiogram taken on March 24, 1960 (Fig. 1C), 
the entire QRS loop is displaced anteriorly and supe- 
riorly. The initial QRS forces are abnormally or- 
iented to the right, anterior and superior. 

Postmortem examination revealed 300 cc. of liquid and 
clotted blood in the pericardial cavity. A 7 by 5.5cm. 


* From the Charles Block Cardiac Research Laboratory, Newark Beth Israel Hospital, Newark, New Jersey. This 
study was supported in part by U. S. Public Health Service Research Grant HF-8685. 
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Fic. 1. Case 1. A, electrocardiogram of March 23, 1960. B, electrocardiogram of March 24, 1960. C, vectorcardio- 
gram of March 24, 1960. H, S and F indicate horizontal, sagittal and frontal planes. 


recent transmural infarct involving most of the in- 
ferior and posterior surfaces of the left ventricle was 
noted. In the center of the infarcted area, a 0.1 
cm. defect was seen through which a probe could 
be readily passed into the left ventricular cavity. 
A fresh thrombus was observed occluding the right 
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coronary artery, approximately 3.5 cm. from it 
ostium. 


Comment: The initial electrocardiogram in- 
dicated an inferior or diaphragmatic wall in- 
farction. The second record showed additional 
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Fic. 2. Case 2. A, electrocardiogram of January 12, 1959. B, electrocardiogram of February 10, 1959. 


cardiogram of February 10, 1959. 


findings of prominent R waves in leads V,, 
V2 and aVR, and the vectorcardiogram con- 
firmed the presence of QRS forces which were 
abnormally oriented to the right and anterior 
as well as superior. These findings were in- 
terpreted as indicating direct posterior as well 
as inferior infarction and this was confirmed 
by autopsy. 


Case 2. A fifty-nine year old white male physi- 
cian was admitted to the hospital on January 12, 
1959 following a three day history of increasingly 
severe interscapular pain radiating down both arms 


C, vector- 


and anteriorly to the substernal area. The physical 
examination was abnormal only in that the heart 
tones were nearly inaudible. The white cell count 
was 12,000 per cu. mm., the sedimentation rate was 
86 mm. in one hour, and the SGO-T was 95 units. 
The pain subsided about two days after admission, 
and he was discharged on February 11, 1959 after 
an uneventful recovery. 

The electrocardiogram at the time of admission to the 
hospital (Fig. 2A) shows S-T segment depressions 
in leads 1, aVL, V2 to Ve. The QRS complex in 
V; is rS in configuration. In the tracing taken four 
weeks later (Fig. 2B), there is a shallow Q wave in 
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Fig. 3. Case 3. A, electrocardiogram of February 8, 1959. _B, electrocardiogram of February 15, 1959. C, vector- 


cardiogram of February 15, 1959. 


lead u, and a deep QS in leads m and aVF. The 
T wave is flat to inverted in these leads. The R 
wave is tall in V, and V3 and RSR’ complex is 
present in V;. The T wave is now upright in V; 
and is upright and peaked in V, and V3. In the 
vectorcardiogram (Fig. 2C) obtained with the second 
electrocardiogram, both the initial and terminal 
QRS forces are displaced to the right, anterior and 
superior. Nearly the entire QRS loop is oriented 
anteriorly and superiorly. 7 


Case 3. A sixty-five year old white man with a 
history of angina pectoris on effort was hospitalized 
on February 7, 1959 following a bout of prolonged 
precordial pain. Initial physical examination was not 
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remarkable. The SGO-T was obtained ninety-six 
hours after onset of chest pain and was only slightly 
elevated. He complained of almost constant sub- 
sternal distress until February 12, 1959 when the 
pain became mild and recurred infrequently. 

The electrocardiogram obtained twenty-four hours 
after admission (Fig. 3A) shows a Q wave in leads 
ml, mt and aVF and an inverted T wave in leads m 
and aVF. In V; there is an RSR’ complex with an 
inverted T wave. A tracing taken one week later 
(Fig. 3B) shows an RSR’ complex in V, with an up- 
right T wave, and prominent R waves with tall, 
peaked T waves in V2, V3; and Vy. In the accom- 
panying vectorcardiogram (Fig. 3C), the initial QRS 
forces are abnormally displaced to the right, anterior 
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cardiogram of September 20, 1958. 


and superior. The terminal forces are directed to the 
right and anterior, and there is marked anterior or- 
ientation of most of the QRS loop. 


Comment: RSR’ complexes are seen in lead 
V, of Cases 2 and 3. These might be interpreted 
from the scalar electrocardiogram as an atypical 
form of right bundle branch block. The vec- 
torcardiogram, however, reveals no evidence 
of terminal conduction delay, but shows that 
this peculiar morphology is caused by posterior 
infarction, resulting in anterior and rightward 
orientation of initial and terminal forces with 
the midportion of the QRS loop directed to the 
left. 


Fic. 4. Case 4. A, electrocardiogram of April 2, 1957. 


F 


B, electrocardiogram of September 20, 1958. C, vector- 


Case 4. A forty-five year old white man was 
admitted in shock on April 1, 1957 following an 
episode of sudden precordial pain. He had been 
aware of exertional angina relieved by rest for one 
year prior to hospitalization. He appeared mori- 
bund initially but slowly responded to mephenter- 
mine, oxygen and analgesic therapy. There was no 
evidence of phlebitis or pulmonary infarction. Two 
chest x-ray films taken one week apart were normal. 
Following clinical improvement, he was discharged 
on April 25, 1957. On September 20, 1958, ap- 
proximately seventeen months after discharge, he 
was seen again. There was no intervening history of 
chest pain, cough, dyspnea or phlebitis. Pulmonary 
function studies including ventilation volumes and 
arterial oxygen saturation before and after exercise 
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Fic. 5. Case 5. A, electrocardiogram of March 22, 1958. B, vectorcardiogram 


of March 22, 1958. 


were within normal limits. Right heart catheter- 
ization also performed at that time revealed a 
normal right ventricular pressure of 18/0 mm. Hg. 

The electrocardiogram obtained on the second hospital 
day (Fig. 4A) displays an equiphasic RS complex 
and an inverted T wave in V; with slight depression 
of the S-T segment in V; to V4. Seventeen months 
later (Fig. 4B), there are predominantly negative 
QRS complexes in 1 and aVL, an RSR’ configura- 
tion in aVR with embryonic R waves followed by 
deep S waves in u, m and aVF. In V; there is a 
prominent, slurred R wave and an upright T wave, 
while the complex in V¢ is RS in type. The simul- 
taneous vectorcardiogram (Fig. 4C) shows the entire 
QRS loop to be oriented to the right, anterior and 
superior with clockwise direction of inscription in the 
horizontal plane. The early QRS forces are delayed 
and follow a circuitous pathway. 


Comment: This case demonstrates the dif- 
ficulty in distinguishing posterior infarct from 
right ventricular hypertrophy in the routine 
electrocardiogram. The vectorcardiogram in 
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posterior infarct also resembles that obtained 
in right ventricular hypertrophy since the QRS 
loop is displaced to the right and anterior and is 
sometimes inscribed in a clockwise direction 
in the horizontal plane as in Figure 4C. How- 
ever, in posterior infarct the initial forces show 
delay in inscription and abnormal contour prob- 
ably related to peri-infarction conduction dis- 
turbance. 

Case 5. A thirty-two year old white man noted 
the sudden onset of crushing substernal pain on 
March 12, 1958. He was admitted to the hospital 
about four hours after the pain began when he was 
observed to be ashen grey and markedly diaphoretic. 
The blood pressure was 160/100 mm. Hg, and the 
ventricular rate was 100 per minute. The heart 
sounds were distant and fine rales were heard at the 
right base posteriorly. About forty-eight hours later, 
the pain subsided and the breath sounds were normal. 
The SGO-T was 187 units on the second hospital 
day and 62 units two days later. He was discharged 
asymptomatic on April 24, 1958. 
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Fic. 6. Case 6. A, electrocardiogram of March 26, 1959. 


The electrocardiogram ten days after the onset of 
chest pain (Fig. 5A) shows flat T waves in leads 1 
and aVL. There is a prominent M-shaped complex 
in V; with an upright T wave. The QRS voltage is 
large in the other precordial leads with flat T waves 
in Vs; and Vz. In the vectorcardiogram (Fig. 5B), the 
entire QRS loop is displaced anteriorly, and the in- 
itial forces are abnormally oriented to the right and 
anterior. 


Case 6. A seventy-two year old Negro woman | 


was seen on March 25, 1959 with a complaint of 
three severe, prolonged bouts of precordial pain 
radiating to the left shoulder in the preceding twenty- 
four hours. She admitted to frequent exertional an- 
gina pectoris in the past two years. The physical 
examination revealed only systemic hypertension of 
190/110 mm. Hg. The SGO-T on March 25, 1959 
was 124 units which then diminished to 84 units on 
March 26, 1959 and 39 units twenty-four hours later. 

The electrocardiogram of March 26, 1959 (Fig. 6A) 
reveals slight depression of the S-T segment in leads 
1and aVL. There is an RSR’ complex in V; and a 
rather prominent R wave in Vj. The S-T segment is 
depressed in leads V3; to Vs. In the corresponding 
vectorcardiogram (Fig. 6B), the entire QRS loop is 
displaced anteriorly with rightward and anterior 
orientation of the initial forces which are inscribed 
with considerable delay and abrupt directional 


B, vectorcardiogram of March 26, 1959. 


changes. The QRS loop is written in a clockwise 
direction in the horizontal plane. 


Comment: In the first four cases, there was 
evidence of combined posterior and diaphrag- 
matic infarction. When the lesion is localized 
to the posterior wall as in Cases 5 and 6 the 
routine electrocardiogram will not show the 
characteristic pattern of myocardial infarc- 
tion. In these instances, however, the QRS 
loop in the vectorcardiogram is abnormally 
displaced anteriorly and to the right. 


COMMENTS 


The posterior wall of the left ventricle lies 
infra-atrially and extends superiorly, posteriorly 
and laterally facing partially toward the left 
shoulder. It should be distinguished from the 
inferior or diaphragmatic surface where in- 
farction has been designated as “‘posterior in- 
farct.”” Involvement of the latter area causes 
characteristic changes in leads u, m1 and aVF 
whereas in true posterior infarction, the altered 
forces are directed perpendicular to the frontal 
plane thereby causing no abnormalities in the 
extremity leads. Previous postmortem studies*—* 
have shown that direct posterior wall infarctions 
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are characterized by tall R waves in right pre- 
cordial leads. However, Dunn et al.’ remarked 
that “‘alteration in the height of a normally oc- 
curring R wave may not be particularly helpful 
in establishing the presence of myocardial in- 
farction.”’ These authors added that ‘“‘vec- 
torcardiographic study of this disturbance in the 
normal balance of electric forces may afford 
a means of using the phenomenon to greater 
diagnostic advantage.” 

The vectorcardiograms obtained this 
study clearly demonstrate the genesis of the 
findings in the scalar electrocardiogram in 
posterior wall infarction. When infarction in- 
volves this portion of the left ventricle, nor- 
mally directed posterior and leftward forces 
are lost, and a new balance of forces is created 
displaced anteriorly and to the right. This 
results in increased prominence of the R waves 
in right precordial leads of the scalar electro- 
cardiogram. 

Previous reports have described depressed 
S-T segments and peaked, upright T waves in 
right precordial leads of patients with posterior 
infarction.*~* These represent injury and 
ischemia of the posterior wall and are a mirror 
image of the classic pattern of infarction which 
would be seen in posterior chest leads in such 
cases. Marked S-T segment depressions in 
right precordial leads signifying acute posterior 
injury are seen in Case 1 (Fig. 1A). In Cases 
2 and 3 there are peaked, upright T waves in 
right precordial leads, while previously flat or 
inverted T waves in these leads became posi- 
tive following infarction in Cases 1 and 4. 

Since both the diaphragmatic and posterior 
surfaces of the left ventricle usually receive 
their blood supply from the right coronary 
artery, infarction of both areas is likely to occur 
simultaneously as seen in the first four cases. 
Complicating diaphragmatic infarction in these 
cases is indicated by the classic changes in 
extremity leads nu, ur and aVF and abnormal 
superior orientation of the early forces of the 
QRS loop in the vectorcardiogram. When in- 
farction is restricted to the posterior wall as in 
Cases 5 and 6, the routine electrocardiogram 
may not be helpful since relative changes in 
R wave height in right precordial leads are 
difficult to evaluate. However, in these cases, 
the vectorcardiogram clearly demonstrates 
the anterior and rightward displacement of the 
QRS loop with delay in inscription and abnor- 
mal contour of initial force that we consider 
diagnostic of posterior wall infarction. 
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Differentiation From Right Bundle Branch 
Block and Right Ventricular Hypertrophy: RSR’ 
complexes are seen in lead V; of Cases 2, 3 
and 6. These might be interpreted as an atyp- 
ical form of right bundle branch block. How- 
ever, the vectorcardiogram reveals no evidence 
of terminal conduction delay but shows that 
this peculiar morphology is due to anterior and 
rightward orientation of initial and terminal 
forces with the midportion of the QRS loop 
directed to the left. 

Posterior wall infarction must also be dif- 
ferentiated from right ventricular hypertrophy 
since both may cause prominent R waves in 
right precordial leads. Vectorcardiographically, 
posterior wall infarction may simulate right 
ventricular hypertrophy in that in the hori- 
zontal plane the QRS loop is oriented to the 
right and anterior and may even be inscribed 
in a clockwise direction (Figs. 4C and 6B) as 
seen characteristically in right ventricular hy- 
pertrophy. However, in posterior infarction the 
initial forces show delay in inscription and 
bizarre contour presumably due to peri-in- 
farction conduction disturbance. This finding 
is not seen in uncomplicated right ventricular 


hypertrophy. 


SUMMARY 


1. Employing the cube reference system, 
vectorcardiograms were obtained in six cases 
of myocardial infarction involving the posterior 
wall of the left ventricle. 

2. In these vectorcardiograms, the early 
forces of the QRS loop were abnormally dis- 
placed anteriorly and to the right. This finding 
accounts for the increased R wave amplitude 
in right precordial leads of the scalar electro- 
cardiogram that is seen in posterior wall in- 
farction. 

3. The vectorcardiogram is of particular 
diagnostic value when infarction is localized to 
the posterior surface since the classic pattern 
of myocardial infarction is not evident in the 
routine electrocardiogram. 

4. Vectorcardiography serves to differentiate 
posterior infarct from other causes of prominent 
R waves in right precordial leads such as right 
bundle branch block and right ventricular 
hypertrophy. 
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The Vectorcardiogram in Dorsal or Posterior 


Myocardial Infarction’ 


JoAo TRANCHESI, M.D., ViTroR TEIXEIRA, M.D., Munir Esa, M.D., ITALO BOCCALANDRO, M.D., 
Jos& BocaNEGRA, M.D. and FOLvio PILEGGI, M.D. 


Sao Paulo, Brazil 


jf ge ELECTRICAL EVENTS that occur follow- 
ing myocardial infarction can be rep- 
resented by three principal vectors; namely, 
those of necrosis, injury and _ ischemia.!? 
Owing to their particular electrogenesis,! the 
vectors of necrosis and ischemia point “away” 
from the infarcted area, thus permitting the in- 
scription of deep Q waves and negative T 
waves in the leads that “‘face’”’ the site of in- 
farction. At the beginning of the coronary ac- 
cident, a positive displacement of the S-T 
segment can be registered in those leads as the 
result of a current of injury represented by a 
vector pointing “toward” the infarcted zone. 

The spatial orientation of these vectors de- 
pends on the site of infarction. Thus, in in- 
farction of the inferior or diaphragmatic wall 
of the heart these vectors are parallel to the 
frontal plane; the vectors of necrosis and ische- 
mia will point upward and the vector of in- 
jury downward. When the infarction is located 
in the anteroseptal wall the vectors are oriented 
almost perpendicularly to the frontal plane 
and parallel to the horizontal plane; the vec- 
tors of necrosis and ischemia point backward 
and that of injury forward. This orientation 
determines the inscription of Q waves, positive 
S-T displacement and inverted T waves in the 
right precordial leads. When the infarction 
is located in the posterior’ or dorsal* wall the 
vectors, although parallel to the horizontal 
plane, are oriented in the opposite direction; 
the vectors of necrosis and ischemia point for- 
ward and that of injury backward (Fig. 1). 

We must emphasize that the exact position 
of the “dorsal wall of the heart” in the living 
subject does not seem clear.* “This wall of the 
left ventricle below the A-V sulcus is oriented 
to the back of the body and should not be con- 


fused with the inferior or diaphragmatic wall 
which erroneously has been called the “pos- 
terior” wall by many authors. 

Electrocardiographically, infarction located 
in the dorsal wall is considered relatively rare.* 
There are only a few references*~’ in vector- 
cardiography to the electrical events of some 
cases of infarction of the true posterior or postero- 
lateral wall of the left ventricle. 


MATERIAL AND METHODS 


In the present study the vectorcardiograms of 
twenty-five male patients with what we considered 
old dorsal or true posterior infarction were analyzed; 
in one case the vectorcardiogram was also obtained 
during the acute phase of the coronary accident (Fig. 
2 and 3). All patients revealed the typical clinical 
picture of myocardial infarction, confirmed by lab- 
oratory and follow-up data. The patients’ ages 
ranged from thirty-three to sixty-five years, the aver- 
age being fifty-three years. 

Vectorcardiograms were obtained with Grish- 
man’s cube system,* with simultaneous inscription of 
the components of the cube and electrocardiogram 
leads by a four-channel Sanborn Polyviso apparatus. 
The vectorcardiographic loop was modulated to 
indicate the sense of rotation and was interrupted 
400 times per second. Based on the orientation of the 
initial portions (0.02 second) of the QRSsf and the 
presence of abnormal Q waves in the A (right-left) 
and C (superior-inferior) components of the cube, 
our patients were classified into four groups accord- 
ing to the area of myocardial necrosis. All groups 
had tall R waves in the B (anterior-posterior) com- 
ponent. 


CLASSIFICATION 


The four groups classified according to area of 
necrosis were as follows: 

1. Strictly dorsal infarction, showing only an in- 
crease of the R waves in the B component [three 


* From the Laboratory of Electrocardiography, Department of Medicine, Hospital das Clinicas, University of Sao 


Paulo Medical School, Sao Paulo, Brazil. 
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POSTERIOR 
ANTERIOR 7 
Fic. 1. Orientation of the vectors of necrosis, injury and 


ischemia in an infarct of the dorsal region of the heart, 
with the typical electrocardiogram of anterior and pos- 
terior chest leads. 


cases, one of which was complicated by complete 
right bundle branch block (Fig. 4) ]. 

2. Inferodorsal infarction, showing abnormal Q0 
waves in the C component [five cases (Fig. 5)]. 

3. Laterodorsal infarction, showing abnormal Q0 
waves in the A component [eight cases (Fig. 2) ]. 

4. Inferolaterodorsal infarction, showing abnormal Q 
waves in the A and C components [nine cases, two of 
which were complicated by complete right bundle 
branch block (Fig. 6 and 7)]. 


H F 


Fic. 2. Electrocardiogram and vectorcardiogram of a 
forty-three year old patient presenting a recent latero- 
dorsal infarction. Note the great magnitude of the 
current of injury with the corresponding S-T vector 
oriented backward and to the left. H, S and F indicate 
horizontal, sagittal and frontal planes. The QRS loop 
shows only slight deformity and a certain delay in the 
activation of the terminal portions. 
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‘ 


Fic. 3. Same patient as in Figure 2, five months later, 
with healed laterodorsal infarction. The A, B and C 
leads are the three component leads of the vectorcardio- 
graphic cube system, recorded at a speed of 50 mm. per 
second. Observe the great forward and rightward shift 
of the QRSsk and Tsk. Note also the increase in the 
voltage and speed of inscription of the first portions of 
ventricular activation. Deformity and delay of the 
final portions of the QRS loops are present, best seen in 
the horizontal plane (H). Compare this with the ampli- 
fied horizontal plane of the acute phase shown below 
(from Fig. 2). 


RESULTS 


QRSsk 


Rotation: The rotation of the QRS loop in 
the horizontal plane was exclusively counter- 
clockwise in fifteen cases. In ten cases a figure 
of eight was registered; in these cases the initial 
portion, which was predominant in all cases 
but one, rotated counterclockwise. In the 
three cases complicated by complete right 
bundle branch block we observed a preterminal 
delay after the counterclockwise initial portion 
indicating the conduction disturbance. There 
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Fic. 4. Electrocardiogram and vectorcardiogram of a 
case of strictly dorsal infarction complicated by complete 
right bundle branch block. The patient, aged fifty-five, 
had a typical history of myocardial infarction six years 
before. The T wave is positive in V;. Note the in- 
crease in magnitude of the first portions of the QRS 
loop, and the orientation and delay of the last portions. 
The Ts& does not oppose the forces arising from the 
area under block, being directed to the right and ante- 
rior. 


was counterclockwise rotation in two of these 
cases and clockwise rotation in the other. 

In the sagittal plane, there was clockwise 
rotation in the majority of patients (sixteen 
cases). In nine of them a figure of eight with a 
clockwise initial portion was registered. 

In the frontal plane, the figure of eight con- 
figuration was observed in thirteen cases in- 
cluding eight presenting initial clockwise rota- 
tion. In all cases with necrosis of the diaphrag- 
matic wall the initial portion of the QRS loop 
presented a clockwise rotation in the frontal 
plane. 

Analysis of the Initial and Medial Portions: 
In all cases, the initial portions of the QRS loop 
were oriented forward and to the right. In 
the three cases of strictly dorsal infarction, the 
orientation of the initial and medial portions 
was predominantly forward with a duration of 
0.048 second in two cases and 0.053 second in the 
third one. Only a small part of the initial por- 
tion was directed to the right for 0.015, 0.020 
and 0.022 second, respectively. 
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Fic. 5. Electrocardiogram and vectorcardiogram of a 
case of predominantly inferodorsal infarction. The 
ischemic area extends somewhat to the lateral wall. The 
patient was a fifty-eight year old man who had had 
coronary thrombosis four months previously. There is 
an increase in magnitude and speed of inscription of the 
first portions of the QRS loop. Note the delay and de- 
formity of the last portions (best seen in the sagittal 
plane). The vector of repolarization (T loop) is directed 
anteriorly and points “‘away” from the dorsal region. 
This produces the tall positive T wave in V, and Vs». 


In the five cases of inferodorsal infarcts, the 
initial portions of the QRS loop were directed 
upward and to the front. In these cases the 
rightward directed portion was of short dura- 
tion, ranging from 0.018 to 0.025 second. 

In laterodorsal infarcts (eight cases), the 
initial and medial portions of the QRS loop 
were directed mainly to the right (average 
duration, 0.036 second) and forward (average 
duration, 0.046 second).  Inferolaterodorsal 
infarcts (nine cases) produced an upward, 
rightward and forward orientation of the initial 
portions of the QRS loop. As a whole, the 
rightward directed electrical forces showed 
durations varying from 0.015 to 0.062 second 


‘(mean value: 0.030 second) and the forward 


directed forces ranged in duration from 0.032 
to 0.085 second (mean value: 0.048 second). 

In seven cases (two of which were complicated 
by complete right bundle branch block), 
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Fic. 6. Electrocardiogram and vectorcardiogram of a 
case of inferolaterodorsal infarction; a sixty-five year 
old man with a history of myocardial infarction three 
years previously. Note the increase in magnitude and 
speed of inscription of the first portions as well as the 
deformity and slurring of the last portions of the QRS 
loop. The electrical forces of depolarization are ori- 
ented predominantly forward, upward and to the right. 


the first vectors were inscribed more rapidly 
than the normal. In five cases, a moderate 
or marked delay was observed in the inscrip- 
tion of the first portions and some initial de- 
formity in the contour of the QRS loop was 
present. 


Analysis of the Terminal Portions: ‘The ter- 


minal portions were oriented backward and to- 


the right in the majority of cases. In only six 
cases, including those complicated by complete 
right bundle branch block, were they directed 
forward. With relative frequency (eleven 
cases not complicated by complete right 
bundle branch block), we observed a more or 
less marked delay and slight deformity in the 
inscription of the last portions of ventricular 
activation. 


Tsk 


The ventricular repolarization or T loop 
showed a backward orientation in only three 
cases and a forward orientation in twenty-two 
cases (one complicated by complete right 
bundle branch block). The T vector was di- 


Fic. 7. Electrocardiogram and vectorcardiogram of a 
case of inferolaterodorsal infarction complicated by 
complete right bundle branch block in a fifty-four year 
old man who had coronary thrombosis five months 
previously. The T wave is positive in the right pre- 
cordial leads. The Tsf is not opposing the area under 
block but is pointing ‘‘away”’ from the infarcted region. 
Note the increase in the voltage and speed of inscription 
of the first portions of the QRS loop. Almost the entire 
loop is shifted forward and to the right. 


rected to the right in ten cases and to the left 
in eleven cases. In four instances no lateral 
deviation was observed. 


COMMENTS 


Vectorcardiographic Diagnosis of Dorsal In- 
farction: Myocardial necrosis of dorsal location 
is characterized in the vectorcardiogram by an 
increase of the initial portions (0.02 second) of 
the QRS loop, and a predominantly forward 
orientation of both the QRS and T loops. As 
a consequence, a tall R wave and a more posi- 
tive T wave are observed in the B (anterior- 
posterior) component of the cube and in the 
right precordial leads. In cases of simul- 
taneous involvement of areas adjacent to the 
dorsal region the initial portions of the QRS 
and T loops are directed to the right (when the 
lateral region is affected) or upward (when the 
diaphragmatic wall is affected). The diagnosis 
of dorsal infarct complicated by complete 
right bundle branch block should be made 
when there are signs of conduction disturbances 
plus an increase of the initial portions directed 
forward and a Tsk tending not to oppose the 
orientation of the electrical forces which rep- 
resent the activation of the area under block. 
In these cases, a relatively tall initial R wave 
and positive T wave can be present in the right 
precordial leads. 

Differential Diagnosis: When a tall R wave 
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and a positive T wave are registered in V,, it is 
sometimes difficult to differentiate a dorsal 
infarct from right ventricular hypertrophy. 
From the electrocardiographic point of view, 
some diagnostic points should be considered. 
Thus, in adults positive T waves are excep- 
tional in the right precordial leads in cases of 
right ventricular hypertrophy. The diagnosis 
of infarction is further facilitated by the fre- 
quent extension of necrosis and/or ischemia 
to the adjacent areas. The vectorcardiogram 
in most of these cases is of great help in the dif- 
ferential diagnosis. In cases of dorsal infarc- 
tion the rotation of the QRS loop in the hor- 
izontal plane is predominantly counterclockwise, 
its initial portions are of great magnitude and 
the speed of inscription is usually increased. 
In the majority of cases the Tsk shows the same 
orientation as the initial portions of the QRSsk, 
being, therefore, directed chiefly forward. In 
right ventricular hypertrophy, the rotation of 
the QRSsk is predominantly clockwise in the 
horizontal plane, its initial portions usually 
are not of great magnitude and the speed of 
inscription is normal or low. The Tsk has a 
tendency to oppose the QRSsk, being, there- 
fore, directed backward. 

In some cases of dorsal infarction in which 
the QRSsk shows a figure-of-eight configura- 
tion in the horizontal plane, the vectorcar- 
diographic differential diagnosis of right ven- 
tricular hypertrophy may become very dif- 
ficult. However, the diagnosis of infarction may 
be suggested by the clinical history, the great 
magnitude of the initial portions of the QRS 
loop and the forward orientation of the Tsk. 

Ventricular Activation in Dorsal Infarction: Anal- 
ysis of vectorcardiograms obtained from pa- 
tients with dorsal infarcts of the heart shows 
evidence of modifications in the ventricular 
activation and repolarization processes. The 
dead zone, being electrically inactive, does not 
contribute the vectors which would represent 
in time and space its activation under normal 
circumstances. As the result of the necrosis 
of the dorsal region there is a clear predomi- 
nance of forward-directed forces corresponding 
to the portions which are activated early dur- 
ing the ventricular depolarization process. 
These forces, being oriented forward and to the 
right, represent early activation of the left 
septal mass as well as activation of the ad- 
jacent myocardial masses of both ventricles, 
thus permitting the inscription of tall R waves 
in the right precordial leads. 
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The aforementioned facts demonstrate that 
there is a modification of ventricular activation 
from the very beginning of the process, in- 
dicating an early participation of the dorsal 
region in the depolarization process under 
normal conditions. According to experimental 
studies in dogs carried out by Sodi-Pallares 
et al.,® although activation of the epicardium 
of the left ventricle’s free posterior wall is late 
(about 0.045 second), the total time required 
for activation of the entire left ventricular endo- 
cardium ranges from undetectable figures to 
values of 0.005 to 0.010 second after the begin- 
ning of ventricular depolarization. For these 
reasons, we believe that the depolarization of 
the myocardial mass (outer third of the wall) 
following that of the endocardium in the dorsal 
region of the left ventricle takes place almost 
simultaneously with the activation of the septum 
and adjacent areas. These considerations may 
explain the fact that dorsal infarctions of the 
heart modify ventricular activation from the 
very beginning of the process. 

Intraventricular Conduction Disturbances in Dorsal 
Infarction: Necrosis of the myocardium mod- 
ifies ventricular activation either by an early 
lack of electrical forces in the affected region or 
by the late appearance of forces related to con- 
duction disturbances in the infarcted zone. (in- 
tra-infarction block).'!° In seven of our cases 
there was an increase in the speed of inscription 
of the initial portions of the QRSsk which were 
oriented forward and were of greater magnitude. 
This increase in the speed of inscription can be 
related to the absence of opposing forces*® due 
to the nonactivation of the dorsal region of the 
heart. On the other hand, in eleven other cases 
we observed a greater delay in the inscription 
and a slight deformity of the terminal portion 
of the QRS loop, indicating a possible intra-in- 
farction block which retards and renders dif- 
ficult the depolarization and activation of still 
viable muscular portions situated within the 
infarcted area. 

In five cases, a peculiar delay and deformity 
of the initial portions of the QRSsE was observed 
which could be related to septal fibrosis due to 
diffuse coronary sclerosis... We cannot ex- 
clude, however, the hypothesis that these mod- 
ifications are due to conduction disturbances 
during the normal activation of the septum and 
the paraseptal regions, together with the ab- 
normal and opposing activation of certain 
partially preserved areas within the infarcted 
zone. 


\ 
es 
P 
> 
ea 
all 


510 Tranchesi et al. 


SUMMARY 


The vectorcardiograms of twenty-five patients 
with dorsal infarction of the heart were studied. 
These infarctions were classified into four groups 
as follows, all of which showed an increase of 
the R wave in the B (anterior-posterior) com- 
ponent of Grishman’s cube system: 

1. Strictly dorsal infarction, showing only an 
increase of the R wave in the B component. 
In this group were three cases, including one 
complicated by complete right bundle branch 
block. 

2. Inferodorsal infarction, showing patho- 
logic Q waves in the C (superior-inferior) com- 
ponent. There were five cases in this class. 

3. Laterodorsal infarction, showing ab- 
normal Q waves in the A (right-left) component. 
Eight cases were placed in this class. 

4. Inferolaterodorsal infarction, with ab- 
normal Q waves in the A and C components. 
There were nine cases, including two compli- 
cated by complete right bundle branch block, 
in this group. 

The vectorcardiograms of these cases showed 
increased magnitude and forward orientation 
of the initial portions (0.02 second) of the ven- 
tricular activation loop. ‘These initial portions 
frequently had a higher speed of inscription due 
to the absence of opposing forces. The ne- 
crotic areas in the dorsal wall which should un- 
dergo early depolarization were not activated at 
the same time; therefore, no electrical forces 
were produced in those areas. : 

In dorsal infarction, the rotation of the QRSsE 
in the horizontal plane was predominantly 
counterclockwise. This, together with the 
direction of predominant forces forward (aver- 


age 0.048 second) and the orientation of the. 


Tsf in the same direction, facilitates the diagno- 
sis of dorsal infarction in those cases in which 
a tall R wave in the right precordial leads 
might suggest right ventricular hypertrophy. 

In eleven cases a certain delay of inscription 
and deformity in the morphology of the ter- 
minal portions of the QRS loop was observed. 


This delay was explained by a possible con- 
duction disturbance during late activation of 
still depolarizable muscular masses in the in- 
farcted area. 


ACKNOWLEDGMENT 


We wish to thank Drs. Josef Feher and Moris Chansky 
for their technical help and kindness in sending us four 
patients who were included in this paper. 


REFERENCES 


1. Grant, R. P. and Estes, E. H., Jr. Spatial Vector 
Electrocardiography, p. 98. New York, 1952. 
Blakiston. 

2. CaspreRA, E. Teoria y Practica de la Electrocardio- 
grafia, p. 182. México, D.F., 1958. La Prensa 
Médica Mexicana. 

3. Trancuesi, J. And4lise vectorial do electrocardio- 
grama nos enfartes de parede dorsal do mioc4rdio 
ventricular. On das R altas e T positivas nas 
derivagées precordiais direitas. Arq. Brasil. 
Cardiol., 11: 77, 1958. 

4. Exvex, S. R., ALLENsTEIN, B. KorNsLutTH, A. W., 
GrirrFitH, G. C. and Levinson, D.C. The spatial 
vectocardiogram in myocardial infarction typified 
by prominent R waves in leads aVR and Vj. 
Am. Heart J., 47: 477, 1954. 

5. Scueruis, L., GrisHMAn, A. and SANDBERG, A. A. 
Spatial vectocardiography. v. Myocardial in- 
farction. Am. Heart J., 42: 24, 1951. 

6. DucHosaL, P. W. and Groscurin, J. R. Atlas 
d’Electrocardiographie et de Vectocardiographie, 
p. 126. Bale (Suisse), 1959. S. Karger A.G. 

7. Roture.p, E. L., WacuTEL, F. W., Karze, S. and 
BERNSTEIN, A. Vectorcardiographic analysis of 
myocardial infarction characterized by tall R 
waves in right precordial leads. Circulation, 20: 
759, 1959. 

8. GrisHMAN, A.. Donoso, E. and LAMELAs, M. Vecto- 
cardiografia, p. 18. Habana, 1959. Imprenta 
de la Universidad de la Habana. 

9. Sopi-PALLAREs, D. and CaLper, R. M. New Bases 
of Electrocardiography, p. 392. London, 1956. 
Henry Kimpton. 

10. Casprera, E. Vectocardiograma de los infartos 
mioc4rdicos con transtorno de conduccién intra- 


ventricular. Symposium internacional sébre 
aterosclerosis y enfermedad coronaria. México, 
1959. 


11. Caprera, E., Garcia-Font, R., Gaxiota, A. and 
Pitecci, F. The vectorcardiogram of ventricular 
activation in chronic coronary heart disease. Am. 
Heart J., 5: 557, 1958. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
abs 
#5}, 
4 
fe a 
ne 


Unusual Experiences with Precordial 
Continuous Murmurs’ 


Lepr WILLIAM SHAPIRO, MC, USNRT 


Portsmouth, Virginia 


RECENT review by Neill and Mounsey! 
A emphasized the fact that a variety of 
lesions may duplicate the auscultatory findings 
characteristic of patent ductur arteriosus. 
Aortic septal defects have first be-n discovered 
when the surgeon explored further after his 
failure to locate a patent ductus arteriosus 
thought to have been present because of 
‘typical findings.”” Some of the more com- 
monly listed causes of precordial continuous 
murmurs are: patent ductus arteriosus, bron- 
chial arterial collateral circulation, pulmonary 
or systemic arteriovenous fistulas, venous hums, 
coronary arteriovenous fistulas, ruptured sinus 
of Valsalva, flow through the collaterals and 
across the stenotic site in patients with coarcta- 
tion of the aorta, aortic septal defects and 
peripheral pulmonary artery stenoses. 

The purpose of this report is to describe 
seven cases presenting continuous murmurs 
seen over an eighteen month period in order to 
emphasize the relative frequency with which 
the clinician may be confronted with unusual 
causes for this physical sign. 


CaAsE REPORTS 


Case 1. A twenty-two year old white woman 
(Ev. P.) complained of shortness of breath and occa- 
sional fainting after exertion since childhood. De- 
spite these complaints she had led a rather active life. 

Examination revealed a well developed, well 
nourished woman. Cuff blood pressure was 124/64 
mg. Hg. The second pulmonic sound was pal- 
pable and markedly accentuated. At the apex the 
first sound was loud and diastole was clear. Just 
medial to the aortic area, as well as in the infraclavic- 
ular areas and over the mid-dorsal paravertebral 
areas, was heard a faint high-pitched murmur start- 
ing early in systole, reaching its greatest intensity at 
the time of the second sound and continuing there- 


after through most of diastole. The remainder of 
the examination was normal. 

Laboratory Findings: Hemogram and urine were nor- 
mal. Electrocardiograms demonstrated right axis 
deviation and right ventricular hypertrophy. Chest 
x-ray films and fluoroscopy demonstrated slight en- 
largement of the right ventricle, prominent pulmonary 
artery, pulsations of the hilar vessels and decreased 
peripheral pulmonary vascularity. 

Right heart catheterization in this laboratory revealed 
right ventricular pressure of 105/0 mm. Hg and pul- 
monary artery pressure of 105/40 mm. Hg, mean 
of 70 mm. Hg, normal wedge pressure and brachial 
arterial pressure of 140/90 mm. Hg with a mean of 
115 mm. Hg. The data did not suggest a shunt; 
cardiac output by the Fick method was 3.5 L./ 
minute, yielding a low cardiac index of 2 L./min- 
ute/M?. 

Angiocardiography: ‘The presence of the continuous 
murmur led us to refer the patient to Dr. Eugene 
Braunwald of the National Heart Institute for ad- 
ditional study. A cardiac catheterization was similar 
to the previous study. Selective angiocardiograms 
with injection into the main pulmonary artery re- 
vealed the smaller vessels in the periphery of the 
lung fields to be definitely diminished in caliber. In 
several areas it appeared as if the middle sized vessels 
were stenotic and narrowed abruptly. <A lung 
biopsy was performed revealing no abnormalities of 
the smaller vessels. Thus, it appeared reasonably 
well established that the patient had multiple 
stenoses of the pulmonary artery. 


Comment: Although the findings at cathe- 
terization were consistent with idiopathic pul- 
monary hypertension, the lifelong history of 
debility and the atypically located continuous 
murmur suggested that this diagnosis might be 
incorrect. The presence of atypically located 
systolic or continuous murmurs in a patient with 
otherwise unexplained pulmonary hypertension 


* From the Cardiopulmonary Function Laboratory, U. S. Naval Hospital, Portsmouth, Virginia. The opinions 
or assertions contained herein are those of the author and are not to be construed as official or reflecting the views of 


the Department of the Navy or the Naval Service at large. 


t Present address: Department cf Medicine, Medical College of Virginia, Richmond, Virginia. 
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Fic. 1. Case 2. Recording of pull-through from right 
pulmonary artery (RPA) to main pulmonary artery 
(MPA) showing abrupt rise in pressure diagnostic of 
peripheral pulmonary artery stenosis. 


should suggest the possibility of single or multiple 
peripheral pulmonary artery stenosis.” 

In this case, simple catheterization of the 
pulmonary artery did not demonstrate the 
lesion(s). The confirmation of a presumed 
*‘wedge”’ pressure by the withdrawal of a blood 
sample is probably necessary in order to 
establish the position of the catheter tip in such 
cases.* Selective angiography from the main 
pulmonary artery or right ventricular outflow 
tract yields the most complete diagnostic 
information.’ 


Case 2. This twenty-two year old white woman 
(C. B.) had always exhibited cyanosis, shortness of 
breath on exertion and difficulty in gaining weight. 
Past history revealed frequent upper respiratory tract 
infections, but no squatting or overt heart failure. 
During the past two years she reported having had 
frequent left chest and arm pains inconstantly related 
to exertion. 

Examination revealed a thin, tall, well developed 
female who was comfortable at rest. The cuff blood 
pressure was 100/80 mm. Hg. Cyanosis and moder- 
ate clubbing of the fingers and toes were evident. 


The lungs were clear. The heart was enlarged to the | 


left anterior axillary line and a left parasternal heave 
was noted. P2 was much louder than A2 and the 
wide splitting of P2 varied only slightly with respira- 
tion. A grade 3, rough, pansystolic murmur was 
heard over the entire precordium and at the base of 
the neck. At the base, to the right of the sternum, the 
previously described systolic murmur was noted to 
extend beyond the second sound through most of 
diastole as a continuous type murmur with peak in- 
tensity at about the time of the second sound. Inside 
the apex a brief, low pitched, protodiastolic ventricu- 
lar filling sound was noted. 

An electrocardiogram demonstrated right axis 
deviation and right ventricular hypertrophy. Fluor- 
oscopy revealed pulmonary plethora with intrinsic 
expansile pulsations of the pulmonary arteries along 
the right border of the heart. The pulmonary artery 


Fic. 2. Case 3. Phonocardiograms demonstrating 
spontaneous disappearance of the typical ductus mur- 
mur. A, pulmonic area. Murmur present, March 25, 
1959. B, pulmonic area. Murmur absent, March 25, 
1959. 


TT 


was prominent and the right ventricle considerably 
enlarged. 

Cardiac Catheterization: The results of right heart 
catheterization in this laboratory were consistent 
with total anomalous pulmonary venous drainage, 
atrial septal defect and peripheral pulmonary artery 
stenosis at or just proximal to the bifurcation of the 
main pulmonary artery. The latter condition was 
proved by numerous pull-throughs at the position 
noted with an abrupt transition from an undulating 
poorly formed right pulmonary artery pressure con- 
tour of 11/5 mm. Hg, mean 7 mm. Hg, to a main 
pulmonary artery pressure of 52/4 mm. Hg, mean 
22 mm. Hg (Fig. 1). A blood sample taken beyond 
the stenotic site was desaturated to the same degree 
as the proximal main pulmonary artery sample, indi- 
cating that the catheter was not in the wedge position. 


Comment: The presence of peripheral pul- 
monary artery stenosis in an instance of cyanotic 
congenital heart disease such as this would be 
expected partially to protect the pulmonary 
arterioles and veins from the consequences of a 
prolonged, large increase in pulmonary blood 
flow. The obstruction(s) probably increased the 
amount of right to left shunt flow, and added to 
the burden on the right ventricle. As in Case 1, 
the major specific clinical finding produced by 
this complicating condition was the atypically 
located continuous murmur reminiscent of 
that heard in cases of patent ductus. The 
association of this lesion with other congenital 
cardiac defects is common.” * 


Case 3. The details of this case are reported else- 
where.‘ This nine year old white girl (M. T.) ap- 
peared to have a typical. patent ductus arteriosus, 
without pulmonary hypertension, and the clinical 
impression was proved by cardiac catheterization in 
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this laboratory. A loud continuous murmur and as- 
sociated thrill were located in the pulmonic area, but 
the systolic portion of the murmur was widely trans- 
mitted. During periods of quiet rest the murmur 
often disappeared completely (Fig. 2). The wide 
pulse pressures recorded when the murmur was pres- 
ent becam: narrower, largely because of an increase 
in diastolic jressure, when the murmur was absent. 
Attempts at making the murmur disappear with 
various drugs and oxygen mixtures failed. 

Attempts were made to correlate the presence or 
absence of the ductus murmur with the presence or 
absence of shunt flow. Physiologic dead space/ 
tidal volume X 100 increased from 23 per cent in 
the supine position to 30 per cent in the standing 
position while the murmur was present, and from 22 
per cent to 49 per cent while the murmur was absent. 
These data demonstrated a slight decrease in alveolar 
perfusion in the upright posture when the murmur 
was present (shunt present) compared to the ex- 
pected, relatively large, decrease in alveolar perfu- 
sion with the assumption of the upright position when 
the murmur was absent (shunt flow markedly de- 
creased or absent). 

At surgery the ductus described a slight curve in its 
course between aorta and pulmonary artery, and 
gentle dorsal traction on the pulmonary artery 
abolished the thrill. This appeared due to further 
angulation of the ductus so as to close its lumen. 
Thus, the cause of the intermittent disappearance of 
the murmur could be ascribed to intermittent kink- 
ing of the ductus itself, proabably due to slight shifts 
in mediastinal structures and to the resultant varia- 
tions in shunt flow. 


Comment: The establishment of a firm 
diagnosis in this patient had been delayed 
because of the vagaries of the murmur. Other 
instances of intermittency of a typical ductus 
murmur are probably known to some large 
pediatric clinics, but adequate description and 
documentation of this phenomenon have thus 
far been unavailable. It is, therefore, not 
possible to estimate the frequency with which 
this occurs. 


Case 4. Since childhood this thirty-nine year old 
white woman (E. P.) performed strenuous athletics 
including team sports and skin diving. She was re- 
ferred to this hospital because of the recent develop- 
ment of atypical precordial pains and the finding of a 
continuous murmur in the pulmonic area. 

Examination was normal save for a relatively faint, 
high pitched, grade 2 continuous murmur in the 
second and third intercostal spaces at the left sternal 
border. This bruit achieved its peak intensity during 
diastole (between the second and first heart sounds). 
It was obliterated during a Valsalva maneuver but 
became accentuated during the first several cardiac 
cycles after cessation of the strain. Rotation of the 
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Fic. 3. Case 5. Tracings demonstrating unexplained 
continuous murmur in the fourth left intercostal space. 


head and unilateral and bilateral jugular venous com- 
pression did not affect the murmur. 

Laboratory Findings: Fluoroscopy and multiple 
x-ray films revealed a mass in the right cardiophrenic 
angle which appeared to be a lipoma. Right heart 
catheterization in this laboratory revealed normal pres- 
sures; no evidence for a right to left or left to right 
shunt was obtained by blood oxygen analysis and 
nitrous oxide tests. A venous angiocardiogram was 
negative for patent ductus arteriosus or pulmonary 
arteriovenous fistula. 

Although the resting electrocardiogram was nor- 
mal, the electrocardiographic results of a standard 
exercise test and the presence of elevated serum 
cholesterol levels suggested that the chest pains were 
manifestations of ischemic heart disease. 


Comment: Despite its “‘typical’’ location, the 
fact that the murmur had its peak intensity 
during diastole’ as well as its behavior during 
and after the Valsalva maneuver indicated that 
it may have been a venous hum. Despite these 
characteristics, laboratory studies appeared 
indicated in order to rule out a patent ductus 
arteriosus objectively. 


Case 5. This thirty-two year old white woman 
(L. S.) had congenital maldevelopment of the left 
wrist and hand, left foot and left eye. She gave no 
history consistent with debility due to cardiac disease 
or of the occurrence of rheumatic fever. A heart 
murmur had been known to be present since the age 
of eighteen years. 

On examination, the blood pressure was 130/70 mm. 
Hg, pulse 90 and regular. Save for hypoplasia of the 
areas noted, the patient appeared well. The heart 
was of normal size and the second aortic sound was 
slightly louder than the second pulmonic sound. M1 
was of good quality at the apex. There was a loud 
continuous murmur of grade 3 intensity over the 
entire precordium, loudest in the third and fourth 
intercostal spaces at the left sternal border (Fig. 3). 
Electrocardiograms and multiple roentgenograms of 
the chest were normal. 

Catheterization and Angiography: Studies carried out 
at the National Heart Institute in 1956 included 
right and left heart catheterization and retrograde 
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Fic. 4. Case 6. Phonocardiographic tracing demon- 
strating the production of a continuous murmur (CM) 
after exercising the left arm. See text for discussion. 
A, left supraclavicular area at rest. B, left supraclavicu- 
lar area after exercise of left arm. 


thoracic aortograms. They demonstrated a left 
superior vena cava entering the coronary sinus, 
prominent aortic insufficiency and an enlarged, 
somewhat irregular noncoronary sinus of Valsalva. 


Comment: Detailed investigation did not 
explain the continuous murmur. The location 
of this murmur suggested such possibilities as 
coronary artery-right ventricular fistula or 
aortic septal defect which were ruled out by 
the studies described. Appropriate selective 
angiography would be required to rule out 
absolutely a peripheral pulmonary artery ste- 
nosis, but this is considered an unlikely possibility 
in view of the normal right ventricular and 
pulmonary artery pressures. A _ continuous 


murmur, without an explanation for its pres- . 


ence after catheterization, angiography, sur- 
gical exploration and postmortem examination, 
occurred in another patient known to this 
laboratory. 


Case 6. A fifty-one year old white woman (L. Sc.) 
was referred for evaluation of a “heart murmur.” 
The patient had experienced acute chest and upper 
back pain followed by the onset of mild weakness of 
the left arm some six months before her referral. 
Serial electrocardiograms taken during this period 
were all normal. The patient had a past history of 
cirrhosis of the liver, glomerulonephritis and cystitis. 

Physical examination revealed a well developed, 
slender women. Cuff blood pressure in the right 
arm was 152/90 mm. Hg, left arm 120/90 mm. Hg 
and pressures in the legs were 170/100 mm. Hg. 
Liver palms and scattered spider angiomas were pres- 


Fic. 5. Case 7. Phonocardiographic tracings recorded 
at same sensitivity in aortic (A) and pulmonic (B) areas. 
The diamond-shaped murmur (SM) due to pulmonic 
stenosis is best appreciated and loudest at the aortic area. 
The continuous murmur (CM), presumably due to flow 
in the vessel connecting the systemic and pulmonary 
circulations, was best heard to the left of the sternum. 


ent. ‘The radial and brachial arterial pulsations on 
the left were definitely diminished as compared with 
those on the right. The femoral and dorsalis pedis 
pulses were full and equal bilaterally as were the 
carotids. In the left supraclavicular area and in the 
suprasternal notch one could feel a thrill and hear a 
long stenotic-type murmur occasionally extending 
for a short period beyond the second sound. The 
murmur was less loud but easily heard over the base 
of the heart. Heart size and sounds were otherwise 
normal. Electrocardiogram, fluoroscopy and mul- 
tiple roentgenograms of the chest with barium in 
the esophagus were normal. 

Phonocardiographic recordings taken at rest in the left 
supraclavicular fossa close to the base of the neck 
revealed a stenotic-type systolic murmur extending 
through systole and ending just beyond the second 
heart sound. After raising and lowering the arm 
thirty times the murmur was noted to extend through 
the second heart sound as a decrescendo diastolic 
rumble ending just at or immediately before the 
onset of the first heart sound (Fig. 4). 


Comment: There appeared to be no evidence 
of cardiac disease or of dissecting aneurysm of 
the aorta. Although a clinically undetected 
dissecting aneurysm remained as a _ possible 
cause for partial obstruction at the origin of the 
left subclavian artery, it was believed more 
likely that atherosclerosis was responsible.® 
Results of the phonocardiographic studies 
indicated that collateral circulation about the 
site of obstruction was adequate at rest but inade- 
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Precordial Continuous Murmurs 


quate during and after exercise to fill the distal 
arterial system well enough to maintain diastolic 
blood pressure.*:’ Thus, what is primarily a 
systolic gradient of pressure across the stenosis at 
resting flow rates becomes almost continuously 
present during the increased flow rates of 
exercise, producing the systolic-diastolic mur- 
mur. The poor prognosis for limb viability 
reported in such situations was not borne out 
in the benign course of this patient.’ 

The fact that the murmur could be well 
heard at the base of the heart initially caused 
confusion as to the origin of the murmur and 
raised the question of the presence of acquired 
or congenital heart disease. 


Case 7. This thirty month old white child (S. H.) 
had cyanosis, clubbing, episodes of heart failure and 
multiple bouts of pneumonia since early infancy. A 
previous catheterization, at the age of one year, was 
consistent with the tetralogy of Fallot. 

Examination revealed a well nourished child, small 
for her age. Cuff blood pressure was 105/75 mm. 
Hg, pulse 110. Cyanosis and clubbing of fingers and 
toes were present. The lungs were clear. Cardio- 
megaly and a left parasternal heave were noted 
The second sound was single and loudest at the third 
left intercostal space at the left sternal border. A 
harsh grade 4 systolic murmur, with a thrill, was 
best appreciated at the aortic area and was trans- 
mitted to the neck. A grade 3 continuous murmur 
was heard: best along the upper left sternal border 
and was widely transmitted over the anterior and 
posterior left hemithorax (Fig. 5). The first sound 
was of good quality and a brief diastolic rumble was 
audible at and medial to the apex. The remainder of 
the examination was unremarkable. 

Electrocardiograms showed indeterminate axis and 
combined ventricular hypertrophy. Roentgenograms 
and fluoroscopy showed cardiomegaly and intrinsic 
pulsation of the enlarged hilar vessels. The pe- 
ripheral pulmonary vasculature appeared normal and 
equal bilaterally although the right hilum was more 
prominent than the left. 

Cardiac catheterization and selective angiography at the 
U. S. Naval Hospital, Bethesda, Maryland, demon- 
strated valvular pulmonic stenosis and right to left 
shunting at the ventricular level. The main pul- 
monary artery filled only the right lung via an 
aneurysmally dilated right pulmonary artery. An 
anomalous vessel arose from the innominate artery 
and supplied the left lung with blood. This vessel 
was stenotic near its origin and led into a markedly 
dilated fusiform left pulmonary artery. The aortic 
root was slightly dextroposed. 


Comment: This patient represented an addi- 
tional instance of the rare combination of 
tetralogy of Fallot with atresia of the left 
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pulmonary artery.*:* A continuous murmur is 
uncommon in typical tetralogy of Fallot, and it 
usually indicates the presence of bronchial 
arterial collaterals supplying the lung due to 
pulmonary atresia or an associated patent 
ductus arteriosus.” 

The presence of a continuous murmur in 
tetralogy of Fallot with atresia of the left 
pulmonary artery depends on whether or not a 
branch of the aorta (ductus arteriosus) supplies 
the left lung and, if so, upon the pressure 
gradient and volume of flow across the con- 
nection between high and low pressure systems. 
In most of the few reported cases a small 
connecting vessel was present and only a 
systolic or no murmur due to flow in this 
vessel was noted,* although rarely, continuous 
murmurs have been described.* The vessel in 
question probably represents a patent left 
ductus arteriosus. Nadas and _ associates® 
pointed out that the pulmonary stenosis murmur 
was best heard over the nonatretic vessel 
(aortic area in patients without dextrocardia). 

From a therapeutic standpoint, complete 
correction by means of open heart surgery 
should be safer in these cases than a Blalock- 
Taussig procedure since the latter requires the 
presence of two pulmonary arteries for success- 
ful accomplishment of the shunt.® 


COMMENTS 


The cases described illustrate that, when a 
continuous murmur is found, evaluation of the 
general clinical status and location and timing 
of maximum intensity of the murmur may aid in 
differentiating the actual lesion present from 
patent ductus arteriosus. Continuous mur- 
murs associated with severe pulmonary hyper- 
tension (Case 1) or cyanosis (Case 2) are not 
likely to be due to a ductus arteriosus; for 
when a ductus is the underlying basis of such 
signs, “‘atypical’’ auscultatory findings are 
generally present (systolic, diastolic or no 
murmur). Nevertheless the vessel between the 
aorta and left lung, which is undoubtedly 
responsible for the widely heard continuous 
bruit in Case 7, has been found to represent a 
ductus arteriosus on embryologic evidence.® 

That continuous murmurs may be intermit- 
tent in an otherwise “‘typical’’ patent ductus is 
illustrated by Case 3. They also may occur 
only when exercise produces inadequacy of 
the collateral circulation about a peripheral site 
of partial obstruction (Case 6). Straining was 
noted to make an incompletely explained 
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continuous murmur transiently disappear in 
Case 4. Occasionally, despite intensive inves- 
tigation, continuous murmurs may remain 
unexplained (Cases 4 and 5). 

Experiences such as those herein described 
have become sufficiently common in the course 
of evaluating patients for cardiac surgery so 
that many possibilities must now be considered 
upon finding a precordial continuous murmur. 
The pressor test described recently for the 
enhancement or production of continuous 
murmurs in atypical cases of patent ductus" 
should be helpful in this regard since a small 
patent ductus may be difficult to confirm in the 
absence of extremely sensitive shunt detection 
methods such as the nitrous oxide and Kr*® 
tests.” 


SUMMARY 


Seven unusual experiences with continuous 
murmurs are recounted. ‘Two patients had 
peripheral pulmonary artery stenosis, one had 
patent ductus arteriosus with intermittent dis- 
appearance of the murmur, one had an apparent 
venous hum, one tetralogy of Fallot with left 
pulmonary artery atresia and an anomalous 
branch of the innominate artery supplying 
the left lung, one a partial blockade to the 
left subclavian artery with a continuous murmur 
after exercise and one had aortic insufficiency 
and no adequate explanation for the murmur 
after extensive diagnostic work-up. 

Care in physical examination may often 
yield important clues leading to accurate 
diagnosis. 
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Electrocardiographic Changes in Recurrent 
Polyserositis (“Periodic Disease’’)’ 
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CLINICAL SYNDROME of unknown etiology 
A characterized by bouts of fever and 
pain in the abdomen and chest has been de- 
scribed in the past fifteen years under various 
designations.'~> The underlying pathology of 
this disorder is a recurrent inflammation 
of the peritoneum and other serous membranes; 
therefore, we have suggested naming it “‘re- 
current polyserositis.”"> Others have used such 
names as “‘benign paroxysmal peritonitis,’”! 
“periodic disease,’’? ‘“‘familial Mediterranean 
fever,”*® and ‘“‘familial recurrent polyserositis.”’4 
The disorder frequently occurs in several 
members of a family and has been described 
mainly amongst people of Mediterranean stock. 

Although the serous membranes are affected 
primarily, visceral involvement has also been 
noted in some cases. Amyloidosis with renal 
failure eventually develops in a small number of 
patients.*-* French authors®:! have described 
polyarteritis nodosa in the course of the disease 
in a few patients. Enlargement of the spleen 
and liver, heart murmurs (usually systolic, at 
the apex and Erb’s point),*:* changes in the 
eye grounds" and abnormal electroencephalo- 
grams have been noted in some patients and 
indicate involvement of internal organs. This 
paper was prompted by the observation of 
transitory electrocardiographic changes during 
attacks in three patients suffering from re- 
current polyserositis. 


CLINICAL MATERIAL 


Thirty patients with recurrent polyserositis 
were examined electrocardiographically. The 
patients were young people aged fifteen to 
thirty-five years and had suffered from the 
disease for two to thirty-two years. All of them 
had typical paroxysms of fever, pain in the 
abdomen, the chest and sometimes joints, 
accompanied by leucocytosis and increased 


erythrocyte sedimentation rate. The attacks 
usually lasted one to four days and appeared at 
varying intervals of four days to several months. 
In the interval between attacks the patients 
felt well and were able to perform their daily 
work. 

During an attack the temperature usually 
rose to 38 to 40°c.; the abdomen became tender 
and rigid; and chest pain of pleural type caused 
shallow and rapid respiration. Retrosternal 
pain was experienced during attacks by one 
patient before he came under our observation. 
Many of the patients were subjected to lapa- 
rotomy because of suspected abdominal disease 
correctable by surgery. The only finding at 
laparotomy was acute congestion of the peri- 
toneum, frequently associated with exudation 
of round cells and eosinophils. No bacteria 
were ever found in cultures of the peritoneal 
exudate. 

Between attacks the physical findings were 
absent or scanty; when present they consisted 
mainly of a palpable spleen and colloid-body- 
like dots in the ocular fundi. 


ELECTROCARDIOGRAPHIC OBSERVATIONS 


Electrocardiograms were recorded during 
attacks in twelve patients. Three of these 
revealed abnormalities which were not present 
in the intervals between attacks. The remaining 
nine patients had normal electrocardiograms, 
four of them also when re-examined between the 
attacks. Eighteen patients were examined only 
in the intervals between attacks and all had 
normal electrocardiograms. 

Following are the case reports of the three 
patients with abnormal electrocardiograms. 


CasE REPORTS 


Case 1. D. R., an eighteen year old boy, of a 
healthy family, started to suffer from attacks of fever, 


* From the Department of Internal Medicine, B, Rothschild Hadassah University Hospital and the Hebrew Uni- 


versity Hadassah Medical School, Jerusalem, Israel. 
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‘aVL 
Fic. 1. Electrocardiograms. A, during attack; and B, in the interval between attacks. 
middle, Case 2; and bottom, Case 3). Note changes suggestive of pericarditis on day of attack in Cases 1 and 2. 
Case 3 reveals nonspecific T wave changes during the attack. The electrocardiograms are within normal limits in 
all cases in the intervals between attacks. 


abdominal pain and occasional vomiting at the age 
of sixteen. The attacks lasted for about twenty-four 
hours and recurred at intervals of four days to one 
month. During attacks the leucocyte count would 
rise as high as 16,000 per cu. mm. and an erythrocyte 
sedimentation rate of 44/74 mm., first and second 
hour respectively (method of Westergren), was re- 
corded. Physical examination revealed no abnor- 
malities except for a grade 2, systolic apical murmur 
suggesting mitral valvular disease. Albuminuria was 
not present. An x-ray film of the chest revealed slight 
bulging of the pulmonary conus. Numerous bac- 
teriologic and biochemical examinations were within 
normal limits. 

The electrocardiogram during an attack (Fig. 1A, top) 
revealed a sinus rhythm of 80 per minute, P-Q 
interval of 0.14 second, QRS complex 0.08 second, 
S-T segment slightly elevated in leads 1, aVL and 
more so in The T waves were not remarkable. 
In the interval between attacks the electrocardio- 
gram was within normal limits (Fig. 1B, top). 


Case 2. L. M., a fourteen year old boy, suffered 
since the age of ten years from attacks of arthritis 


(Top row, Case 1; 


affecting many of the large joints and accompanied 
by high fever. Lately, abdominal pain accompanied 
the attacks which were usually of one to four days’ 
duration and appeared at intervals of one to several 
weeks. A sister of the patient suffered from a similar 
disorder and died of amyloidosis. Examination of 
the patient revealed a grade 2, systolic murmur over 
the apex and pulmonary valve area as well as a -pal- 
pable spleen and liver. During an attack ‘the af- 
fected joints became warm, swollen and tender and 
the abdomen distended. The leucocyte count rose 
to about 11,000 per cu. mm. and the erythrocyte 
sedimentation rate to 50/85 mm., first and second 
hour respectively. The urine contained no albumin. 
The Congo red test was negative. An electroen- 
cephalogram performed twelve days after an attack 
revealed generalized irregularity of background ac- 
tivity, diffuse theta activity and some bursts of slow 
and sharp waves. Numerous other laboratory exami- 
nations were noncontributory. 

The electrocardiogram during an attack (Fig. 1A, 
middle) showed sinus rhythm at the rate of 88 per 
minute, P-Q interval of 0.16 second, QRS complex 
of 0.08 second with RR’ peaks in V;; S-T segment 
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was isoelectric with a straight ascent to the T waves 
in leads 1, un, Vs and V6; in V2-V,4 the S-T segment 
was deviated upwards and coved; the T waves were 
upright but of low voltage in leads 1, aVF and peaked 
and negative in V2-V,. Eight days later the electro- 
cardiogram was within normal limits except for low 
voltage of the QRS complex in the limb leads and 
shift of the axis to the left (Fig. 1B, middle). 


Case 3. E. L. was a forty-six year old woman. 
In 1944 the patient began to suffer from attacks of 
pain in the chest and abdomen accompanied by 
fever. Pain in the joints and severe headache occa- 
sionally accompanied the attacks. The temperature 
usually rose to 38°c., sometimes preceded by a chill. 
Each attack lasted one to three days and recurred at 
irregular intervals of three days to several months. 
Between attacks the patient felt well and worked as a 
cook. One of her sons, aged twenty-six, suffered 
from attacks similar to hers. Physical examination 
of the patient revealed many white dots diffusely dis- 
tributed in both eye grounds. The heart and lungs 
were normal; the liver and spleen were not pal- 
pable. During attacks the abdomen became very 
tender and distended. The white blood count rose to 
18,000 per cu. mm. and the sedimentation rate to a 
maximum of 112/123 mm., first and second hour 
respectively. On fluoroscopy, limitation of move- 
ments of the diaphragmatic leaflets was sometimes 
observed. Urine ‘analysis was within normal limits. 
The Congo red test was negative. An electroen- 
cephalogram during an attack showed runs of slow 
activity in the left temporo-occipital region; on 
another occasion the electroencephalogram was 
within normal limits. Other laboratory tests were 
noncontributory. 

The electrocardiogram during an attack showed sinus 
rhythm of 82 per minute, P-Q interval of 0.19 second, 
QRS complex of 0.07 second, S-T interval isoelectric 
in all leads; T wave flat, diphasic or inverted in the 
various leads (Fig. 1A, bottom). Between attacks 
the electrocardiogram was within normal limits 
(Fig. 1B, bottom). 


COMMENTS 


The electrocardiographic changes in these 
patients affected mainly the S-T segments and 
the T waves. In one patient (Case 3) they were 
confined to the T wave and were of non- 
specific nature; in the other two patients the 
changes suggested subepicardial damage. Al- 
though definite evidence of a transient inflam- 
matory reaction in the peritoneum and the 
pleura is available in recurrent polyserositis, 
no convincing proof of pericardial involvement 
during the attacks has been offered as yet. 
Pain of pericardial origin is rarely experienced 
by these patients. However, it is well known 
that a transitory inflammatory reaction of the 
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pericardium may pass unaccompanied by pain 
or any other sign. It is, therefore, conceivable 
that pericardial involvement as demonstrated 
by the electrocardiographic changes in Cases 
1 and 2 may be more frequent in recurrent 
polyserositis than hitherto realized. 

In some cases of recurrent polyserositis, 
amyloidosis of the myocardium may develop.’ 
As mentioned previously, the sister of the 
patient in Case 2 died of uremia; autopsy 
revealed amyloid infiltration of the myo- 
cardium, the valve leaflets and the pericardium. 
The deposition of amyloid is a dynamic process 
and may possibly explain the electrocardio- 
graphic changes during attacks. Furthermore, 
it has been pointed out by several authors®:?:° 
that a diffuse perivascular inflammatory re- 
action may occasionally occur in recurrent 
polyserositis. It is possible that such a re- 
action is of transitory nature in the early stage 
of the disease and, if affecting the heart, may 
cause short-lived changes in the electrocardio- 
gram. 


SUMMARY 


Thirty patients with recurrent polyserositis 
were examined electrocardiographically. The 
electrocardiogram was obtained during an 
attack in twelve of the patients and in the 
intervals between attacks in twenty-five patients. 

Electrocardiographic abnormalities were 
noted in only three patients examined during 
attacks. In two of these patients the changes 
were suggestive of pericarditis and in one they 
were not specific and were confined to the T 
wave. In all three patients the electrocardio- 
grams were within normal limits in the intervals 
between attacks. In none of the remaining 
patients examined between attacks were ab- 
normalities present in the electrocardiogram. 
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Experimental Studies 


Angina Pectoris 


V. Giant R and Receding S Wave in Myocardial Ischemia 


Hopes IN THE amplitude of the R wave and 
recession of the S wave, together with S-T 
segment elevation have been clinically observed 
during severe attacks of the variant form of 
angina pectoris! (Fig. 1A). We have noted 
similar R, S and S-T changes after acute, 
severe myocardial infarction. Such R and 
S wave changes have not been encountered in 
milder attacks of the variant form of angina 
pectoris (Fig. 1B) or in milder myocardial 
infarction.” 

Hellerstein and Liebow* observed that fol- 
lowing experimental occlusion of the coronary 
artery, S-T segment elevation was associated 
with a delay in the peak of the R wave as well 
as an increase in its amplitude and a decrease 
in the amplitude of the S wave. Similar observa- 
tions were made by Sodi-Pallares,4 Rakita and 
co-workers,® and Toyoshima and Kutsuna.® 

This report presents further studies on the 
significance of the “giant R” wave and receding 
S wave during ischemia and the results of 
investigations carried out on R and S wave 
changes under nonischemic conditions. In 
addition, data were gathered on reduction in the 
R wave accompanying marked S-T segment 
depression as it sometimes occurs in attacks of 
classic angina pectoris. 


METHOD 


Forty-two dogs, ranging in weight between 13 
and 25 kg., were used in these experiments. Some 


and Certain Nonischemic Conditions* 


Aut Exmekci, M.D., ToyosHm™a, M.D., JAN K. Kwoczynsk1, M.D., TERUO NAGAYA, M.D. 
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dogs were used in more than one experimental 
group. These dogs were anesthetized with pento- 


barbital sodium, administered intravenously in 
doses averaging 25 mg. per kg. of body weight. 
The chest was opened and a large branch of the 
anterior coronary artery exposed. ‘Tiny recording 
electrodes measuring 0.1 by 2 mm. were attached to 
the pericardium at certain points within the area 
supplied by this artery, selected to include the center 
or area of greatest ischemia as well as the periphery 
or area of lesser ischemia. Control electrocardio- 
grams were recorded at this time. 


EXPERIMENT 1. R AND S WAVE RESPONSE 
TO OCCLUSION OF A CORONARY ARTERY 


There were thirty separate experiments 
performed utilizing twenty-three dogs. The 
exposed branch of the coronary artery was 
ligated, resulting in a distal area of ischemia. 
Approximately thirty seconds after ligation 
S-T segment elevation appeared from the 
central part of the ischemic area and subse- 
quently from the more peripheral parts. These 
S-T segment changes have been previously 
reported in detail’ and are here referred to 
only in relation to changes in the R and S 
waves. 

Starting about one and a half minutes after 
ligation of the artery, the R wave increased in 
amplitude and the S wave decreased or dis- 
appeared completely. These changes were 
statistically highly significant (P < 0.003) 
three to ten minutes after ligation. Both 


* From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, California; Department of 
Medicine, University of California School of Medicine, Los Angeles; and City of Hope Medical Center, Duarte, 
California. Aided by grants from the United States Public Health Service; the Los Angeles County Heart Associa- 


APRIL 1961 


tion; the American Heart Association, Inc.; The Rockefeller Foundation; and the L. D. Beaumont Trust Fund. 


521 


+, 
Bi 
‘ 
= 
| 


Ekmekci et al. 


DURING 


reee 


~ 


4 


ote 


eet 


Fic. 1. A, electrocardiographic changes during a severe attack of 
the variant form of angina pectoris. In the control electro- 
cardiogram, before the onset of a severe attack (left), the 
height of the R wave is 11mm. During the attack (right) 
the height of the R wave increased to 18 mm. This 
change was transient and after the attack the electro- 
cardiogram presented the same appearance as in the 
control. B, electrocardiographic changes during a mild attack 
of the variant form of angina pectoris. Control electrocardio- 
gram before the attack (left). During the attack (right), 


no significant change in the height of the R wave oc- 


A B 
Fic. 3. Monophasic curve after ligation of a large coronary 
artery. A, control electrocardiogram. B, eleven minutes 
after ligation. Monophasic curve, reaching almost four 
times the preligation R amplitude, with marked widen- 
ing of QRS complex. This may be an example of focal 
block due to local ischemia. 


changes occurred earliest and were most 
pronounced from the center of the ischemic 
area, the amplitude of the R wave in some 
experiments reaching twice the control value 
(Fig. 2, Table 1). In some instances increase 
of the R wave was preceded by a temporary 
small decrease which accompanied S-T ele- 
vation, the latter occurring after a time lag of 
about a half minute after ligation of the artery. 


curred. ‘S-T elevation was noted at this time but was 


transient and disappeared as the attack subsided. Changes in the R and S waves from the 
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Fic. 2. R and S wave response to ligation of a large coronary artery. A, control electro- 
cardiograms were recorded from pericardial electrodes placed at points 1 and 2. 
The coronary artery then was ligated and a large ischemic area (represented by 
stippling) resulted. B, one and a half minutes after ligation. From epicardial 
leads over the center (2) or site of maximum ischemia, the R wave has increased, 
the S wave is decreased and there is marked S-T segment elevation. From the 
periphery of the ischemic area (1) the changes in the R wave, S wave and S-T 
segment are less marked. C, three minutes after ligation. From the center of 
the ischemic area a giant R wave is now present, the S wave has almost dis- 
appeared and there is marked S-T segment elevation. From the periphery no 
change has occurred in R wave, S wave or S-T segment. Clinically, similar 
changes can be seen in large acute anterior myocardial infarction. 
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TABLE I 
R, S and S-T Segment Changes (mm.) Following Ligation of a Large Coronary Artery (Experiment 1) 
After Ligation (min.) 

Control 

Value 

1-2 3 5 10 
A. Central Part of Ischemic Area 
R 15.87 + 0.97 18.0 +1.47 20.62 + 1.84* 22.88 + 2.05t 23.29 + 1.98f 
S 10.83 + 1.01 6.95 + 1.20* 4.10 +1.15T 3.81 +1.0iT 3.50 +1.1f 
S-T 1.33 + 0.34 7.63 + 0.85f 8.42 + 1.13T 9.88 + 1.02T 11.33 +1.71f 
B. Intermediate Zone 
R 12.5 +1.45 14.4 +1.44 15.0 +1.19* 15.75 # 1.1° 
S 15.0 +1.44 14.2 +1.86* 11.16 +1.51* 8.75 +0.5t 
S-T 2.16 + 0.38 5.0 +0.37t 6.67 + 0.49F 7.75 +0.11f 
C. Periphery 

R 10.22 + 1.38 12.0 +1.11 10.84 + 1.32 13.33 + 1.61 13.75 +1.90 
S 15.0 +1.86 10.20 + 2.02 10.50 + 1.81 10.11 + 1.93 8.25 + 2.38* 
S-T 0.5 +0.16 0.8 +0.53 10.33 + 0.62 2.11 + 0.57* 2.75 + 0.28f 


Nore: Values are mean +S.E. 


* Significant difference compared with control value (P <0.05). 
} Highly significant difference compared with control value (P <0.003). 


TABLE 
R, S, and S-T Segment Changes (mm.) from the Central Part of the Ischemic Area during Ligation and After Release 
of the Tié on the Coronary Artery (Experiment 2) 


After Ligation (min.) 
Ww Control After 
Value Release 
5 30 
R 16.73 + 1.48 20.12 + 2.32* 24.33 + 2.52t 17.50 + 2.08* 
S 9.73 + 0.80 4.94 +0.91T 4.50 +1.53t 7.63 + 1.29* 
S-T 1.50 + 0.40 7.75 +0.69f 6.67 + 0.88T —1.12 + 0.055f 
Note: Values are mean +S.E. 


* Significant difference compared with control value (P <0.05). 
+ Highly significant difference compared with control value (P <0.003). 


edge of the ischemic area occurred later and 
were less marked than changes from the center. 
The increase in the R wave usually was not as 
great from the intermediate zone as from the 
central part and only moderate S-T elevation 
was encountered from this intermediate area. 
At the periphery of the ischemic area increase 
in R and decrease in S wave recordings were 
usually slight, insignificant or absent; there was 
only slight S-T elevation or depression. 

The amplitude of the R wave increased with 
time and when it attained about twice the pre- 
ligation value distinct widening of the R wave 
often became apparent. This generally oc- 
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curred five minutes after ligation of the artery. 
Following widening of the R wave the S wave 
disappeared and gradually the S-T segment 
combined with the widened R wave and a 
monophasic curve resulted (Fig. 3). 


EXPERIMENT 2. R AND S RESPONSE TO RELEASING 
THE TIE ON A LARGE CORONARY ARTERY 


In sixteen separate experiments using nine 
dogs a large branch of the anterior descending 
coronary artery was ligated, giving rise to a 
distal area of ischemia. Subsequently, the 
tie on the coronary artery was released, allowing 
blood to return to the ischemic area (Table m). 
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Fic. 4. R and S wave response to releasing the tie on a large 
coronary artery. A, electrocardiogram recorded from the 
central part of the ischemic area three minutes after 
ligation of a large coronary artery. Giant R wave, small 
S wave and marked S-T elevation. B, three minutes 
after releasing the tie: Marked decrease in the R wave, 
increase in the S wave and decrease of the S-T elevation. 


A 


Fic. 5. R and S wave response to hemorrhagic hypotension in 
an ischemic area. <A, after ligation of a large coronary ar- 
tery. Increased R wave and S-T elevation. B, one min- 
ute after lowering the mean blood pressure to 40 mm. Hg. 
Further marked increase in R wave and elevation of S-T 
segment; S wave diminished. This occurs often but not 
always. 


During the period of ligation, statistically 
highly significant electrocardiographic changes 
occurred from the central part of the ischemic 
area. These changes were increase of the R 
wave, decrease or disappearance of the S wave 
and marked S-T elevation. 

Following release of the tie on the coronary 
artery, blood returned to the ischemic area. 
The R wave immediately decreased in am- 
plitude and gradually returned to the pre- 
ligation value. The S wave increased in size. 
(Statistically significant: P <0.05.) The S-T 
elevation diminished and in some _ instances 
transient S-T depression occurred before return 
to the isoelectric line (Fig. 4). 


EXPERIMENT 3. R AND S WAVE CHANGES FROM 
AN ISCHEMIC AREA; RESPONSES TO HEMORRHAGIC 
HYPOTENSION AND SUBSEQUENT TRANSFUSION 
WITH RETURN TO NORMAL PRESSURE 


Cardiovascular shock complicating acute 
coronary occlusion results in decreased coronary 


iti 


Fic. 6. R and S wave response in an ischemic area to trans- 
fusion following hemorrhagic hypotension. A, after ligation 
of a large coronary artery, resulting in hemorrhagic 
hypotension. Increased R, decreased S, and S-T eleva- 
tion. B, after transfusion and return of systemic pressure 
to the approximate prebleeding level. Decreased R, 
increased S and decreased S-T elevation. 


flow and further reduction in the blood supply 
to the ischemic area.* In this experiment 
hypotension was induced following coronary 
occlusion in order to study the response of the 
R and S waves. 

In twenty-five separate experiments using 
fourteen dogs, a large branch of the anterior 
descending coronary artery was ligated. This 
resulted in an increase in the amplitude of the 
R wave, a decrease of the S wave and S-T 
segment elevation. About five minutes after 
ligation of the artery the amplitude of the R 
wave became relatively stabilized. 

Hemorrhagic Hypotension: Hemorrhagic hypo- 
tension was produced by reducing the mean 
femoral pressure to about 40 mm. Hg. After 
one to two minutes there was usually an addi- 
tional increase in the R wave as well as a further 
decrease in the S wave; the S wave occasionally 
disappeared entirely. Recession of the S wave 
was paralleled by elevation of the S-T segment 
(Fig. 5). These changes were most pronounced 
and statistically highly significant (P <0.003) 
from the central part of the original ischemic 
area (Table m1), although they appeared to 
some extent from the intermediate zone and 
from the periphery. 

Transfusion with Return to Normal Pressure: 
Following a period of hypotension lasting about 
fifteen minutes, the dogs were tranfused with 
the blood which had been removed, approx- 
imately restoring the mean pressure to the pre- 
bleeding level. Immediately after transfusion 
the R wave usually decreased, the S wave 
increased and the elevation of the S-T segment 
decreased significantly (P <0.05) (Fig. 6, Table 
Ill). 
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TABLE Ill 


R, S and S-T Segment Changes (mm.) Following Ligation of a Large Coronary Artery, Following Hemorrhagic 
Hypotension and Following Transfusion (Experiment 3) 


After 
Hemorrhagic 
Hypotension 


After 
Ligation 
(5 min.) 


After 
Transfusion 


Control 
Value 


A. Central Part of the Ischemic Area 


B. Intermediate Zone 


11.6 +1.62 
13.8 +1.85 
2.50 + 0.57T 


Note: Values are mean +S.E. 


* Highly significant difference compared with control value (P <0.003). 
t Significant difference compared with control value (P <0.05). 


EXPERIMENT 4. RR AND S WAVE RESPONSE TO 
HEMORRHAGIC HYPOTENSION AND SUBSEQUENT 
TRANSFUSION WITH RETURN TO NORMAL PRESSURE 


The purpose of this experiment was to study 
R wave reduction similar to that which occurs 
during some severe attacks of classic angina 
pectoris. In previous experiments® islands of 
S-T segment depression, indistinguishable from 
that seen in classic angina pectoris, have been 
produced by hemorrhagic hypotension. The 
following observations were made in order to 
investigate the R and S wave changes occurring 
during such a period of S-T segment depression. 

In two experiments, using two dogs, small 


electrodes measuring 0.1 by 2 mm. were fixed 
in the pericardium at selected points over the 
anterior aspect of the heart and control electro- 
cardiograms were recorded (Fig. 7A). 
Hemorrhagic Hypotension: Hemorrhagic hypo- 
tension was produced by reducing the mean 
femoral pressure to about 40 mm. Hg. Approx- 
imately two minutes later a slight decrease in 
the R wave amplitude and a slight increase in 
the S wave was noted but there were no visible 
S-T segment changes (Fig. 7B). After fifteen 
minutes, islands of S-T segment depression 
became clearly defined,® and there was a 
slight additional decrease in R wave amplitude 
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Fic. 7. R and S wave response to hemorrhagic hypotension followed by transfusion and 
return to normal pressure. A, control electrocardiogram. B, fifteen minutes after 
hemorrhagic hypotension which resulted in decreased R wave and increased S 
wave, S-T depression appears together with a further decrease in R and an 
increase in S. C, two minutes after transfusion and return to normal pressure: 
Marked increase in R, decrease in S and disappearance of S-T segment depres- 
sion. Records were taken by a fixed electrode, as in all experiments presented 


in this paper. 
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Ware 
R 16.41 + 1.03 23.79 + 1.85* 28.2 + 2.13* 25.0 +0.86* 
S 9,53 +1.22 2.57 0.59* 2.0 + 0.38* 4.83 + 0.68* 
S-T 0.91 + 0.29 9.29 + 1.15* 12.0 +1.35* 6.67 + 1.08* 
R 9.89 + 1.61 13.1 +1.96 11.4 41.81 
S 18.22 +1.65 13.1 + 2.04 16.8 +2.3 
S-T | 1.06 + 0.24 2.8 +0.97 | ~0.7 +0.65t 
We 
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Fic. 8. Diagram of artificial coronary artery circuit. A poly- 
vinyl catheter has been inserted through the left carotid 
artery into the aorta near the ostium of the coronary 
arteries and is connected with a large branch of an an- 
terior descending coronary artery. A three-way stop 
cock permits injections. (From: PRINZMETAL, M. et al., 
Am. J. Cardiol., 3: 282, 1959.) 
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Fic. 9. R and S wave response to rapid injection of high 
concentration potassium in saline solution equivalent to normal 
serum concentration. A, control electrocardiogram. B, a 
solution containing 4 mEq./L. of potassium and 142 
mEq./L. of sodium was rapidly injected into the coro- 
nary circuit. About three seconds later an increase in R, 
a decrease in S and elevation of S-T appeared. 


and a further slight increase in the S wave. 
Transfusion with Return to Normal Pressure: 
Following a thirty minute period of hypotension, 
the dogs were transfused with the blood which 
had been removed, restoring the mean pressure 
to approximately the prebleeding level. The 
islands of S-T segment depression disappeared 
and about two minutes after transfusion the 
R wave increased and the S wave decreased, 
returning to their control levels (Fig. 7C). 


Fic. 10. R and S wave response to rapid injection of low con- 
centration sodium with potassium. A, control electrocardio- 
gram. B, a solution containing 103 mEq./L. of sodium 
with 2 mEq./L. of potassium was rapidly injected into 
the coronary circuit. About three seconds later an in- 
crease in R, a decrease in S and elevation of S-T ap- 
peared. 


EXPERIMENT 5. RESPONSE OF R AND S WAVES 
TO CHANGES IN EXTRACELLULAR IONIC CONCEN- 
TRATION UNDER NONISCHEMIC CONDITIONS 


Characteristic changes in intra- and extra- 
cellular electrolytes have been noted previously” 
in ischemia with S-T elevation as well as in 
ischemia with S-T depression. In ischemia with 
S-T elevation there is a decrease in the gradient 
between intra- and extracellular potassium and 
probably also in the gradient between intra- 
and extracellular sodium." In ischemia with 
S-T depression the opposite occurs; i.e., 
there is an increase in the gradient between 
intra- and extracellular potassium and probably 
also in the gradient between intra- and extra- 
cellular sodium."® 

Elevation and depression of the S-T segment 
were also produced in nonischemic conditions 
by altering the extracellular concentration of 
these electrolytes. S-T segment elevation was 
observed after decreasing the intra/extracellular 
potassium and the extra/intracellular sodium 
gradients; S-I segment depression was pro- 
duced by increasing these ionic gradients.!° 
The present experiment was undertaken to 
study the effect of electrolyte changes, that is, 
alteration of the extracellular concentration of 
these electrolytes on the R and S waves under 
nonischemic conditions. 

In fifteen experiments using thirteen dogs, a 
polyvinyl catheter was inserted through the 
left carotid artery into the aorta near the ostium 
of the coronary arteries and was connected 
with a large branch of an anterior descending 
coronary artery. Injections were made by 
means of a three-way stopcock connected to the 
artificial coronary circulation (Fig. 8). Various 
electrolyte solutions at body temperature in 
amounts of 5 cc. each were injected rapidly. 
Electrocardiograms were recorded from small 
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TABLE IV 


R, S and S-T Segment Response (mm.) to Changes in Extracellular Ionic Concentration under Nonischemic 
Conditions (Experiment 5) 


Wave Before Injection 


During Injection After Injection 


A. Rapid injection of 6 mEq./L. KCl in 142 mEq./L. NaCl 


.02 + 0.014 
S 2.93 + 0.057 
+0 


10.05 +0.21* 7.6 
1.99 +0.105* 2.85 + 0.05 
2.91 +0.24* 0 


Rapid injection of 2 mEq./L. KCl in 103 mEq./L. NaCl 


.27 = 0.065 
S 6.70 + 0.096 
+0 


9.13 +0.08* 
3.90 +0.05* 
1.00 +0.07* 


C. Rapid injection of 171 mEq./L. NaCl 


.45 + 0.033 
.03 + 0.47 
+0 


NN 


9.0 +0.13* 
10.27 +0.14f .10 
—0.82 +0.07* 


Rapid injection of 1 mEq./L. KCl in 142 mEq./L. NaCl 


.6 +£0.16 
S 20.25 + 0.18 
+0 


18.3 +0.16* 
20.87 +0.25f 
—1.096 + 0.08* 


19.68 + 0.13 


E. Rapid injection of 5 per cent glucose solution 


.38 + 0.08 
.94 + 0.16 
+0.0 


NN 


-T 


10.9 +0.08* 
10.64 + 0.14 
6.84 + 0.08* 


26.24 +0.16* 
0 +0 
4.27 +0.15 


electrodes attached to the pericardium at 
selected points over the area supplied by this 
coronary artery. 

High Concentration Potassium with Normal Sodium 
(Experiment 5A): Solutions containing 4 mEq./L. 
or more of potassium and 142 mEq./L. of 
sodium were injected into the coronary artery 
circuit. It has been previously noted that this 
caused S-T segment elevation.” About three 
seconds after injection a statistically highly 
significant (P <0.003) increase in the R wave, 
a decrease in the S wave and elevation of the 
S-T segment appeared from’ the area supplied 
by this coronary artery (Fig. 9, Table 1vA). 
The increase in R and decrease in S persisted 
as long as the S-T segment remained elevated. 
The total change in the R and S waves never 
exceeded 30 per cent of the preinjection R and 
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Nore: Values are mean +S.E. In all five experiments R wave, S wave and S-T segment response showed a highly 
significant difference between values during and after injection (P <0.003). 

* Highly significant difference compared with control value (P <0.003). 

} Significant difference compared with control value (P <0.05). 


S wave amplitudes. 

Low Concentration Sodium with Potassium (Ex- 
periment 5B): Solutions containing 103 mEq./L. 
of sodium and 2 mEq./L. of potassium were 
injected into the coronary artery circuit. These 
concentrations were above the threshold for 
hemolysis (0.6 per cent). It has been noted 
previously” that this concentration caused 
transient elevation of the S-T segment. Almost 
immediately after injection the R wave in- 
creased, the S wave decreased, and slight S-T 
segment elevation appeared (Fig. 10, Table 
1vB). The R and S waves gradually returned 
to their initial amplitudes as the S-T segment 
returned to the isoelectric line. 

High Concentration Sodium without Potassium 
(Experiment 5C): Solutions containing 155 to 
205 mEq./L. of sodium without potassium were 
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Fic. 11. R and S wave response to rapid injection of high 
concentration sodium without potassium. A, contro] electro- 
cardiogram. B, a solution containing 171 mEq./L. of 
sodium was rapidly injected into the corenary circuit. 
About three seconds later a decrease in R, an increase in 
S and marked S-T segment depression occurred. Sim- 
ilar changes have been noted in classic angina pectoris. 


injected into the coronary artery circuit. De- 
crease in R wave, increase in S wave and S-T 
segment depression occurred almost immedi- 
ately. The changes became progressively more 
marked and _sstatistically highly significant 
(P <0.003) over the next ten to twenty seconds, 
then gradually returned to preinjection levels 
(Fig. 11, Table rvC). 

Low Concentration Potassium with Normal Sodium 
(Experiment 5D): Solutions containing 0.5 
to 1 mEq./L. of potassium and 142 mEq./L. 
of sodium were injected into the coronary 
artery circuit. A statistically highly significant 
decrease (P <0.003) in the R wave and increase 
in the S wave appeared almost immediately. 
S-T segment depression was noted in most 
animals (Fig. 12, Table 1vD). 

Five Per Cent Glucose in Water (Experiment 5E): 
Solutions containing 5 per cent glucose in water 
were rapidly injected into the coronary artery 
circuit. A tremendous increase in the R wave 
(often more than three times the preinjection 
amplitude) rapidly appeared. Disappearance 


of the S wave and depression of the S-T seg- 


ment also occurred almost immediately (Fig. 
13, Table 1vE). This was the only experi- 
mental condition in which an increase in the R 
wave occurred with S-T segment depression. 


COMMENTS 


An appreciation of the R and S wave changes 
occurring in myocardial ischemia is perhaps as 
important as an understanding of the S-T 
segment changes which take place. In classic 
angina pectoris, S-T segment depression is 
often associated with diminution in the am- 
plitude of the R wave and increase in the S wave. 
Similar changes have been observed in mild 
myocardial infarction.” In the variant form of 
angina pectoris, S-I segment elevation is 


eee 

+ 
+4 
ses 

+4 


A B 


Fic. 12. R and S wave response to rapid injection of low 
concentration potassium in saline solution equivalent to normal 
serum concentration. A, control electrocardiogram. B, a 
solution containing 1 mFq./L. of potassium and 142 
mEq./L. of sodium was rapidly injected into the coronary 
circuit. About three seconds later a decrease in R, an 
increase in S and S-T segment depression occurred. 


often associated with marked increase in the 
amplitude of the R wave and diminution of the 
S wave.! Similar changes have been observed 
in early severe myocardial infarction. All 
these R, S and S-T charge; have been re- 
produced in animal experiments. 

In experiment 1 it was demonstrated that 
ligation of a large coronary artery resulted 
in an increase of the R wave, a decrease of the 
S wave and an elevation of the S-T segment. 
From the central part of the ischemic area this 
increase in the R wave was so pronounced (often 
reaching more than twice the preligation 
amplitude) that this feature has since been 
described as a “giant R’” wave. R, S and S-T 
changes were less marked from the intermediate 
zone and occurred to an even lesser degree from 
the periphery of the ischemic area. These 
experimental findings are similar to clinical 
observations made during acute myocardial 
infarction. 

Upon release of the tie and restoration of 
blood supply (experiment 2) ischemia became 
progressively less severe and the large R wave 
receded, gradually returning to the preligation 
amplitude. At the same time an increase in the 
S wave was noted. Similar R and S changes 
have been observed in patients with the variant 
form of angina!” (Fig. 14). 

Experiments 1 and 3 demonstrated that the 
appearance of a giant R wave is related to 
the degree of ischemia, occurring where ischemia 
is most severe and usually associated with the 
most pronounced S-T elevation. Increase in 
the R wave, decrease in the S wave and increase 
in S-T segment elevation recorded near the 
periphery of the ischemic area (observed in 
experiment 3 following hemorrhagic hypo- 
tension) are best explained by increased severity 
of ischemia in this area. Conversely, the de- 
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Fic. 13. R and S wave response to rapid injection of 5 per cent glucose in water. A solution containing 5 per cent glucose in 
water was rapidly injected (arrow) into the coronary circuit. Almost immediately a tremendous increase in the R 
wave, disappearance of the S wave and depression of the S-T segment occurred. 


crease in the R wave from the periphery of the 
ischemic area after transfusion, as observed in 
experiment 3 can be ascribed to decreased 
severity of ischemia in this area after restoration 
of normal blood pressure. 

This finding emphasizes the importance of 
recognizing an increased R wave following 
coronary occlusion. Clinically, a giant R wave 
may occur in the acute stage of severe coronary 
occlusion complicated by shock. Experiment 
3 demonstrates that shock occurring as a 
complication of coronary occlusion increases 
the severity of ischemia and restoring the 
blood pressure to normal reduces its severity. 

In ischemia with S-T segment depression, as 
produced by hemorrhagic hypotension in experi- 
ment 4, the R wave decreased and the S wave 
increased in amplitude.” These changes are 
similar to those observed in severe classic 
angina pectoris and are the opposite of that 
which occurs in the variant form of angina 
pectoris when myocardial ischemia results in 
S-T segment elevation, usually associated with 
an increased R wave and diminished S wave. 

Experimental injection of various solutions 
into an artificial coronary circuit (experiment 
5) demonstrated that variations in extracellular 
cationic concentration produce characteristic 
changes in the R and S waves under nonischemic 
conditions. Changes in the R and S_ waves 
observed in these experiments are similar to 
those encountered in ischemia with S-T depres- 
sion and in ischemia with S-T elevation. 


CAUSES OF R AND S WAVE CHANGES 


Several explanations for changes in the 
amplitude of the R and S waves are possible 
as follows: (1) increase in the membrane action 
potential of the ischemic cells during depolar- 
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ization; (2) decrease in the electrical con- 
ductivity of the extracellular medium; and 
(3) changes in the propagation process or 
ventricular activation. 

Membrane Action Potential: Changes in the 
concentration of intra/extracellular ions in the 
ischemic area are known to occur. In ischemia 
with S-T elevation the cell membrane loses 
its ability to maintain the intra/extracellular 
cationic gradient to some extent."  Intra- 
cellular potassium leaves the cell and probably 
increases the extracellular potassium concen- 
tration, thereby decreasing the potassium ionic 
gradient across the cell membrane.'*—"® Extra- 
cellular sodium probably enters the cell with 
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Fic. 14. R wave changes during and after an attack of the 
variant form of angina.“ A continuous electrocardiogram 
was recorded. One minute after the onset of pain a 
large R wave appeared and there was marked elevation 
of the S-T segment. At one and a half minutes the pain 
began to subside and disappeared at two minutes. As 
the pain subsided, both R amplitude and S-T elevation 
receded. The last electrocardiogram on the right, show- 
ing a normal R wave, was recorded slightly less than 
three minutes after the onset of the attack and one min- 
ute after the pain disappeared. The R wave has de- 
creased to about half its magnitude during the height 
of the attack. R wave and S-T segment elevation in- 
creased as ischemia progressed and decreased as ischemia 
disappeared. 
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the result that the sodium ionic gradient across 
the cell membrane also appears to decrease." 

When high concentration potassium or low 
concentration sodium solutions were injected 
into the coronary circuit, as in experiments 
5A and 5B, increase of the R wave, decrease of 
the S wave and S-T segment elevation ap- 
peared despite the absence of myocardial 
ischemia. In ischemia with S-T depression, 
there appears to be an increase in the trans- 
membrane cationic gradient. It has been 
demonstrated that potassium enters the cell, 
resulting in an increase in the potassium ionic 
gradient across the cell membrane; at the 
same time intracellular sodium leaves the cell, 
probably resulting in an increase in the sodium 
ionic gradient across the cell membrane. In 
experiments 5C and 5D, low concentration 
potassium or high concentration sodium solu- 
tions injected into the coronary circuit produced 
a decrease of the R wave, an increase of the S 
wave and a depression of the S-T segment. 

In all these experiments the onset and 
duration of R and S wave changes closely 
paralleled the onset and duration of S-T 
deviation, whether elevation or depression. 
Since the transmembrane cationic gradient 


influences the S-T segment, it would appear 
that it may also have some effect on the R and 
S waves and hence on the depolarization phase. 
The depolarization phase or upswing of the 
action potential of the cell membrane has been 
attributed to a sudden influx of sodium ions 
into the cell due to an increase in membrane 


permeability..6 It has been shown by Weid- 
mann" that sodium ion permeability is related 
to the level of the membrane potential (trans- 
membrane cationic gradient) prior to stim- 
ulation. 


The data from experiment 5 would seem to 


contradict this explanation. This important 
point is now being studied by recording intra- 
cellular potentials in ischemic and nonischemic 
conditions. 

Electrical Conductivity of the Extracellular Medium: 
The electrical potential at a given point in the 
electrical field of the heart is said to vary 
with the membrane action potential and the 
conductivity of the extracellular medium. 
Changes in electrical potential, as already 
suggested, parallel changes in membrane action 
potential, but in general are reciprocal to 
changes in conductivity of the extracellular 
medium. Thus, if the membrane action 
potential (¢) or solid angle (Q) increases there is 


an increase in the electrical potential at a 
given point. On the other hand, if the electrical 
conductivity of the extracellular medium (2%) 
increases the electrical potential at a given 
point decreases. This is borne out by basic 
electrical theory as illustrated in the following 
equation: 


electrical potential at a given point 
electrical moment 

solid angle 

electrical conductivity 


In severe ischemia, such as occurs in coronary 
occlusion, there may be a decrease in the 
conductivity of the extracellular medium. 
Accordingly, there should be a reciprocal in- 
crease in the electrical potential. 

The findings in experiment 5 tend to support 
this explanation. When a solution with low 
electrical conductivity, such as 5 per cent 
glucose in water, was injected into the coronary 
artery circuit a large change in RS amplitude 
resulted. Since the R wave amplitude in- 
creased and the S wave amplitude decreased, 
factors other than conductivity were also 
involved. The injection of glucose, as was shown 
previously,'® alters the extracellular ionic con- 
centration and this also affects the membrane 
action potential. The injection of solutions 
with high electrical conductivity, such as 
hypertonic ionic solution, resulted in a decrease 
in the RS amplitude. These experimental 
findings support the suggestion that the electrical 
conductivity of the extracellular medium may 
influence the RS amplitude. Changes in 
electrical conductivity of the _ extracellular 
medium and other possible factors influencing 
the RS amplitude are under investigation. 

Propagation Process or Ventricular Activation: 
After ligation of the coronary artery in experi- 
ment 1 it was noted that widening of the R 
wave sometimes took place when its amplitude 
had significantly increased (Fig. 3). Pre- 
liminary observations of intracellular potentials 
suggest that such a monophasic curve is due to 


‘ aberration of the propagation process as it 


passes through the ischemic region. This 
phenomenon may represent an example of 
segmental or focal block" since the QRS 
complex in this ischemic area may become very 
wide. 
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SUMMARY 

1. Increase in the R wave and decrease 
in the S wave have been clinically observed 
with myocardial infarction and during episodes 
of the variant form of angina pectoris. 

2. The same changes have been reproduced 
in experiments with animals by acute ischemia. 

3. The electrocardiographic changes were 
most marked from the center of the ischemic 
area, where ischemia is most severe, and 
became progressively smaller as recorded to- 
ward the periphery. 

4. The term “giant R”’ wave has been used 
to describe this marked increase in amplitude 
of the R wave. 

5. The giant R wave has been demonstrated 
during severe attacks of the variant form of 
angina pectoris. As pain subsided, the R 
wave gradually returned to the preattack level. 
These findings are similar to those observed in 
experiments on animals after ligation of a 
large coronary artery and release of the ligation. 

6. Hemorrhagic hypotension following cor- 
onary occlusion resulted in increased severity 
of ischemia. There was an additional increase 
in the R wave and the S wave receded or dis- 
appeared. These changes were reversed with 
return to normal systemic pressure by trans- 
fusion. 

7. In ischemia with S-T depression due to 
hemorrhagic hypotension, a decrease in the R 
wave and an increase in the S wave sometimes 
occur. This is similar to findings in severe 
classic angina pectoris. R and S wave changes 
in ischemia with S-T depression are opposite 
to those seen in ischemia with S-T elevation. 

8. Injection of potassium and sodium in 
various concentrations directly into a coronary 
artery produced characteristic R and S changes 
under nonischemic conditions. High concen- 
tration potassium or low concentration sodium 
resulted in increased amplitude of R waves 
and decreased amplitude of S waves. Low 
concentration potassium or high concentration 
sodium resulted in reduced amplitude of R 
waves and increased amplitude of S_ waves. 
Five per cent glucose in water injected directly 
into the coronary artery produced a large 
increase in the amplitude of the R wave and a 
marked receding or disappearance of the S 
wave, together with the appearance of S-T 
depression. 

9. Among the explanations for these changes 
in the R and S waves, the possible role of the 
membrane action potential, of electrical con- 
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ductivity of the extracellular medium and of the 
propagation process have been discussed. 

10. Increases in the R wave and decreases 
in the S wave are noted in severe acute ischemia 
and may have great clinical significance. 
When decrease in the R wave and increase in 
the S wave occur, ischemia probably is less 
severe in that particular part of the heart. 

11. Similar changes in the R and S waves 
can occur with electrolyte alterations without 
ischemia. 
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Effect of Pentaerythritol Tetranitrate, Amyl 
Nitrite and Alcohol on Arterial Blood 


Supply to Ischemic Myocardium’ 


Davin S. LEIGHNINGER, M.D., F.A.C.C., RAIMUND RUEGER, M.D. and CLAUDE S. BECK, M.D., F.A.C.C. 


Cleveland, Ohio 


ASODILATING drugs have been used for the 
pesos i of coronary heart disease for 
about ninety years. The literature concerning 
their mode of action is voluminous and often 
contradictory. The effects of these drugs on 
total coronary artery blood flow,' contractility 
and viability of muscle after ligation of a coro- 
nary artery,” pain,’ and the electrocardiogram* 
have been investigated. 

Direct measurement of blood supply to 
ischemic muscle as augmented by nitroglycerin 
was previously reported.5 This paper concerns 
the effect of pentaerythritol tetranitrate, amyl 
nitrite and alcohol on blood supply to ischemic 
myocardium. 

Stenosis or occlusion of a coronary artery 
produces ischemia in the muscle formerly sup- 
plied by the occluded artery. Treatment 
consists of making blood available to the is- 
chemic area. In the dog heart and in the 
human heart there is always some blood, in 
variable amount, that finds its way into ischemic 
muscle after arterial occlusion. This blood 
comes from adjacent areas of muscle where the 
blood supply is normal or almost normal. 
This blood enters ischemic muscle by way of 
small arteries that exist in most normal hearts. 
The beneficial action of a vasodilating drug 
depends upon the amount of blood delivered 
through these arterial communications. Direct 
measurements are valuable if they can be ob- 
tained with a fair degree of accuracy. 


METHOD OF MEASUREMENT 


The amount of blood available to ischemic myo- 
cardium can be measured by -backflow determina- 
tions. The method was described by Anrep and 
Hausler® in 1928 and by Mautz and Gregg’ in 1937. 
The method has been used extensively in this lab- 


* From The Western Reserve University and University Hospitals, Cleveland, Ohio. 
grants from the U. S. Public Health Service and the Cleveland Area Heart Society. 
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oratory® to measure the effect of various surgical 
procedures on the heart. It consists of ligation of the 
circumflex branch of the left coronary artery at its 
origin. This artery is cut distal to the ligature. 
Arterial blood flows from the cut distal end; this 
backflow blood is measured and the blood comes 
from unoccluded coronary arteries by way of inter- 
coronary arterial communications and the flow of 
blood is in the direction of least resistance. There 
may be some seepage through the capillary bed. 
If some blood escapes through the capillaries, it is 
lost to our measurements. We believe the back- 
flow determinations carried out in a large enough 
series of experiments have significance. These 
measurements were made before and after giving the 
vasodilating drug under test. The difference be- 
tween the amount of backflow blood before and after 
is a measure of drug action. 


RESULTS 


CONTROL EXPERIMENTS 


Twelve healthy mongrel dogs were anesthetized 
with intravenous pentobarbital sodium. The lungs 
were inflated with oxygen by a Rand-Wolfe res- 
pirator. The circumflex branch of the left coronary 
artery was ligated at its origin and the distal segment 
was cannulated. A “T” tube was connected to the 
cannula. Blood from the carotid artery was brought 
through tubing and ‘““T” tube into the cannula to 
perfuse the circumflex area of myocardium between 
backflow determinations. During a backflow deter- 
mination this perfusion was stopped by clamping the 
tube from the carotid artery and allowing backflow 
to occur through the side arm of the “T”’ tube. Back- 
flow blood was collected for thirty seconds and the 
result was expressed as cubic centimeters per minute. 
During the determination the mean aortic blood 
pressure was kept at 100 mm. Hg. Backflow deter- 
minations were made at precise five minute 
intervals. 

Table 1 shows six consecutive backflow de- 
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TABLE I 
Control Experiments 


Backflow Determinations 
(cc. /min. ) 


Backflow Determinations 


Difference 


(cc. /min. ) 
between 
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Averages 
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TABLE I 
Pentaerythritol Tetranitrate Experiments 


Backflow before Drug 
(cc. /min. ) 


Backflow after Drug 
(cc. /min. ) Difference 


between 


5 Min. 
before 


Min. 


Average 


Averages 


20 Min. 
after 


15 Min. 


Average 
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terminations from each of twelve control dogs. 
The average of the first three determinations 
was compared to the average of the second three 
determinations. Statistical analysis of these 
and subsequent differences was made using a 
*‘sum of differences squared” formula. Stand- 


ard deviation, standard error, “‘t,’”’ and prob- 
ability (p) were calculated. A probability of 
five in one hundred (p = 0.05) is considered as 
statistically significant. 

The mean difference for control experiments 
was —0.09 cc. per minute, t= —0.7730 and 
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TABLE 
Amy] Nitrite Experiments 


Backflow (cc. /min.) 
Dog 
No. 5 Min. 5 Min. 
before after Difference 
Drug Drug 
33 2.8 3.4 0.6 
2.2 3.2 1.0 
4.0 0.8 
34 5.6 6.2 0.6 
6.6 0.6 
5.8 6.2 0.4 
35 5.6 7.4 1.8 
6.6 7.8 
6.6 7.0 0.4 
6.6 7.6 1.0 
36 6.0 5.6 —0.4 
7.0 8.4 1.4 
8.4 8.4 0.0 
37 9.8 11.4 1.6 
8.2 10.0 1.8 
8.0 10.0 2.0 
38 3.2 5.8 2.6 
4.2 4.6 0.4 
4.0 4.0 0.0 
39 2.0 $3.2 1.2 
2.8 3.6 0.8 
2.8 3.6 0.8 
40 3.6 5.2 1.6 
4.2 5.6 1.4 
4.8 5.4 0.6 
41 7.6 9.0 1.4 
Mean 0.98 


p = 0.45. The difference is not statistically 
significant. 


PENTAERYTHRITOL TETRANITRATE 


Backflow determinations were made in a 
series of twenty normal dogs. After three 
successive determinations were found not to 
vary significantly, 40 mg. of a specially prepared 
sublingual powder, consisting of one part of 
pentaerythritol tetranitrate and ten parts of 
lactose, * was rubbed into the mucous membrane 
of the dogs’ mouths. Backflow determinations 
were continued at five minute intervals after 
the drug was given. 

Table m shows three backflow determinations 
obtained before the drug was given and the 
average of the determinations. The backflow 
determinations obtained ten, fifteen and twenty 
minutes after the powder was applied to the 


* A special sublingual Peritrate® lactose powder was 


supplied by the Warner Chilcott Laboratories, Morris 
Plains, New Jersey. 
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mucous membrane and the average are given. 
The final column shows the difference between 
the two averages. 

In three experiments the backflow after 
giving the drug was from 0.1 to 0.4 cc. per 
minute less than the average before giving the 
drug. In one experiment there was no change. 
In sixteen experiments the average backflow in- 
creased from 0.1 to 5.4 cc. per minute. 

The averages were compared and t = 2.9 
and p = 0.01, which is a statistically significant 
difference. 

It was not possible to assess accurately the 
duration of drug action in these experiments. 
The maximum effect was observed from twenty- 
to twenty-five minutes after applying the drug 
to the mucous membrane. 


AMYL NITRITE 


The effect of amyl nitrite was measured in 
nine dogs. Twenty-six determinations were 
made. After three consecutive backflow de- 
terminations showed no significant variation the 
dog was given amy] nitrite. A perle containing 
0.18 cc. of amyl nitrite was crushed inside a 
50 cc. syringe. Fifty cc. of air were aspirated 
into the syringe. This mixture of air and drug 
was then injected into the lumen of the intra- 
tracheal tube. Backflow determinations were 
made at five minute intervals thereafter. Drug 
action lasted about ten minutes. After the 
drug effect subsided, additional doses were 
given. 

The backflow immediately before and five 
minutes after giving the drug and the difference 
between the two determinations are shown in 
Table m. In one experiment the backflow 
was 0.4 cc. per minute less than the control. 
In two experiments there was no change from 
the control, and in twenty-three determinations 
the backflow increased from 0.4 to 2.6 cc. per 
minute after the drug was given. 

The mean increase was 0.98 cc. per minute. 
Statistical analysis revealed that t = 7.2005 
and p = 0.00004, which is a statistically signifi- 
cant increase. 


ALCOHOL 


The effect of alcohol was studied by twelve 
determinations of backflow in eleven dogs. 
After control backflow determinations were 
made alcohol, 500 mg./kg. body weight, was 
given intravenously. Backflow determinations 
were made at five minute intervals after giving 
alcohol. The backflow before and five minutes 
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TABLE IV 
Alcohol Experiments 


Backflow (cc./min. ) 
Dog 
No. 5 Min. 5 Min. 
before after Difference 
Drug Drug 
42 24.0 16.0 —8.0 
43 14.0 10.6 —3.4 
44 2.6 2.0 —0.6 
45 6.6 6.0 —0.6 
46 2.4 2.4 0.0 
47 2.8 2.2 —0.6 
48 2.0 2.0 0.0 
49 4.8 4.4 —0.4 
50 9.8 5.4 —4.4 
51 6.2 2.6 —3.6 
52 2.6 a8 —0.4 
2.4 —1.2 
Mean —1.93 


after giving alcohol and the difference between 
the determinations are shown in Table itv. 
In two dogs there was no change after giving 
alcohol, in ten dogs the backflow decreased from 
0.4 to 8.0 cc. per minute. 

The mean decrease was 1.93 cc. per minute. 
Analysis of the differences revealed that t = 
2.7614 and p = 0.02, which is a statistically 
significant reduction in backflow. 


TEST ARTERY LIGATION—MORTALITY, 
INFARCT SIZE 

The effect of pentaerythritol tetranitrate on 
mortality and infarct size following ligation 
of a coronary artery was tested in twenty-one 
dogs. 

Twenty-one healthy mongrel dogs weighing 


from twenty to fifty-four pounds were given 


oral pentaerythritol tetranitrate,* 20 mg. four 
times a day for seven days. On the day of 
operation the dog was given 20 mg. by mouth 
one hour before operation. After induction of 
anesthesia 40 mg. of the specially prepared 
sublingual pentaerythrital tetranitrate lactose 
powder was rubbed into the oral mucous mem- 
brane of the dog. The chest was opened and 
the anterior descending ramus of the left coro- 
nary artery was ligated at its origin. The sep- 
tal artery was not occluded. After recovery 
from anesthesia oral pentaerythrital tetrani- 
trate, 20 mg. four times a day, was continued 


* Oral Peritrate was supplied by the Warner Chilcott 
Laboratories, Morris Plains, New Jersey. 


until death or for one week after test artery 
ligation. 

Thirteen of twenty-one dogs died from seven- 
teen minutes to forty-eight hours after the 
descending coronary artery had been ligated, 
a mortality of 62 per cent. The eight surviving 
dogs were sacrificed one month after test artery 
ligation. The infarct size was observed in seven 
of the eight hearts. There were five large 
infarcts, one medium-sized infarct and one small 
infarct. One heart was inadvertently discarded 
prior to observation of infarct size. 


COMMENTS 


In a previous study® of the effect of nitro- 
glycerin on the arterial blood supply to is- 
chemic myocardium, it was shown that 0.6 
mg. of nitroglycerin increased the backflow 
from the circumflex coronary artery by an 
average of 0.88 cc. perminute. It was suggested 
that this quantity be designated as a nitroglyc- 
erin unit. This is the additional quantity of 
blood brought into ischemic myocardium by 
way of intercoronary arterial communications 
as a result of drug action. It is similar, no 
doubt, to the quantity of blood that produces 
relief of pain in patients. 

The present study has shown that penta- 
erythritol tetranitrate adds 0.81 cc. of blood per 
minute or one nitroglycerin unit. Amyl nitrite 
adds 0.98 cc. or a little more than one nitro- 
glycerin unit. Alcohol, in the dose given, de- 
creased intercoronary flow by 1.93 cc. per 
minute or by two nitroglycerin units. The 
clinical response to alcohol is well known. 
Some patients are relieved of pain, some are 
not, and in others alcohol seems to aggravate 
their pain. 

Mortality and infarct size following test 
coronary artery ligation have been studied ex- 
tensively in this laboratory.* The mortality 
in dogs given pentaerythritol tetranitrate before 
and after anterior descending coronary artery 
ligation was 62 per cent and the infarct size in 
surviving dog hearts was five large, one medium 
and one small infarct. This mortality and 
infarct size are about the same as in control 
animals. This indicates that the addition of 
one nitroglycerin unit by means of penta- 
erythritol tetranitrate administration was not 
sufficient to reduce mortality or prevent muscle 
destruction following test artery ligation. The 
artery ligation test is a severe test for one addi- 
tional cubic centimeter of blood per minute. 
This addition must be sustained without in- 
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terruption for at least forty-eight hours after 
ligation. Perhaps the drug action was not 
sustained by the dose schedule used, or perhaps 
this amount of blood is not sufficient to influence 
the test. A series of twenty-one dogs is large 
enough to have some significance. 


SUMMARY 


1. Treatment of localized myocardial is- 
chemia depends upon addition of arterial blood 
by way of intercoronary arterial communica- 
cations. 


2. Pentaerythritol tetranitrate adds 0.81 cc. 
per minute to the ischemic circumflex area of 
the dog heart. 


3. Amyl nitrite adds 0.98 cc. per minute to 
the ischemic circumflex area of the dog heart. 


4. Alcohol decreases intercoronary flow by 
1.93 cc. per minute. 


5. Increased intercoronary flow resulting 
from drug action is temporary. 


6. Addition of 0.81 cc. per minute as pro- 
duced by pentaerythritol tetranitrate did not 
reduce mortality or infarct size following test 
coronary artery ligation in a series of twenty- 
one experiments. 
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and Hemodynamic Studies of the Fallot-type Complex” 
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XTENSIVE CLINICAL EXPERIENCE and _ in- 
E vestigation by many cardiologists'~’ during 
the last seventeen years lead us to extend the 
old concept of tetralogy of Fallot into the idea of 
the “Fallot-type complex” which includes any 
malformation with the clinical picture of tetral- 
ogy of Fallot and the same common anatomic 
denominator, differing only in the functional 
relationship between the two main morphologic 
elements of the complex. Of the four elements 
comprising the tetralogy of Fallot, pulmonary or 
infundibular stenosis and ventricular septal 
defect dominate its pathologic physiology; right 
ventricular hypertrophy is secondary and dex- 
troposition of the aorta is functional rather than 
anatomic. . 

As long ago as 1898, Eisenmenger® demon- 
strated that in ventricular septal defect the 


“pars membranacea”’ of the septum is anatomi-: 


cally related to the aorta so that the aorta may 
be dextroposed even though beginning normally 
in the left ventricle. Selzer? noted that the 
position of the aorta was widely variable in his 
series of isolated ventricular septal defect. 
He described some cases in which the aorta 
arose almost exclusively from the left ventricle 
in the absence of other associated malformations. 
He observed a gradual transition from the 
normal position of the aorta to complete dextro- 
position. 

It is important to know if ventricular septal de- 
fect, either isolated or associated with other mal- 
formations, has always the same pathogenesis. In 


Lisbon, Portugal 


* From the Center of Cardiology, Instituto de Alta Cultura, Faculty of Medicine of Lisbon, Portugal. 


Selzer’s'® ''4 series the majority of the septal de- 


fects were localized immediately below the aortic 
valve in the same region as in tetralogy of Fallot 
and the Ejisenmengercomplex. Spitzer’s'!? 
philogenetic and ontogenetic studies on certain 
cardiac malformations led him to conclude that 
a single mechanism is responsible for all ven- 
tricular septal defects associated with thedifferent 
types of transposition of the great vessels. In 
the tetralogy of Fallot, the commonest type of 
congenital malformation with associated ven- 
tricular septal defect, the aorta arises almost 
exclusively from the left ventricle and the mor- 
phologic alterations are practically limited to 
the stenosis of the right ventricular outflow tract 
and the associated septal defect. This supports 
the concept of a common pathogenesis for all 
subaortic ventricular septal defects. 

The various anatomicophysiologic interrela- 
tions of the ventricular septal defect and the 
associated pulmonary and/or  infundibular 
stenosis giving rise to a clinical picture of differ- 
ent severity allow extension of the older concept 
to the “complex of the Fallot type.” Severe 
valvular pulmonary stenosis (or infundibular 
stenosis) may present with marked right to left 
shunt and a clinical picture similar to the 
tetralogy of Fallot except that the root of the 
aorta is in its usual position. Kjellberg et al.® 
who include these cases under the heading of 
“tetralogy of Fallot” point out that clinically 
“true” truncus arteriosus with aplasia of both 
branches of the pulmonary artery and supply of 
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Fic. 1. 


Case 1, second angiocardiogram: The contrast medium injected in the right ve 


539 


icle passes into 


the left ventricle through a ventricular septal defect. 


Fic. 2. 
Fic. 3. 


Fic. 4. Case 1, tenth angiocardiogram: Posteroanterior plane. 


the lungs through the bronchial arteries cannot 
be distinguished from the tetralogy of Fallot 
with pulmonary atresia and closed ductus 
arteriosus (and pulmonary circulation supplied 
by the bronchial arteries). They include these 
malformations under the heading of tetralogy of 
Fallot with pulmonary atresia (the distinction 
is purely embryologic and anatomic) because the 
clinical picture is identical... McCord et al.” 
described five types of the tetralogy of Fallot 
(classic, extreme, slight, predominant ventricular 
septal defect and predominant pulmonary 
stenosis) and considered them the clinical and 
hemodynamic “spectrum” of the association of 
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Case 1, sixth angiocardiogram: Both ventricles opacified, aorta overriding the septum. 
Case 1, tenth angiocardiogram: Absence of opacification in the infundibular region. 


Opacification of the aortic branches. 


pulmonary stenosis with ventricular septal 
defect. These considerations also apply to 
partial transposition of the great vessels with 
pulmonary stenosis and ventricular septal 
defect and to single ventricle with pulmonary 
stenosis. Both behave clinically like the tetral- 
ogy of Fallot. 

The complex of the Fallot type, therefore, 
includes the following six groups: (1) classic 
tetralogy of Fallot; (2) extreme tetralogy of 
Fallot (with pulmonary atresia or pseudotruncus 
arteriosus); (3) so-called acyanotic or slight 
tetralogy of Fallot; (4) stenosis of the outflow 
tract of the right ventricle or pulmonary stenosis 
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Fic. 5. 


ventricle. Both ventricles are visualized. 


Case 25, seventh angiocardiogram: The tip of the catheter is introduced into the right 


Fic. 6. Case 25, fourteenth angiocardiogram: Aorta intensely opacified. 


Fic. 7. 


with ventricular septal defect and no overriding 
of the aorta; (5) partial transposition of the 
great vessels (or transposition of the ventricular 
chambers) with stenosis of the outflow tract of 
the right ventricle or pulmonary stenosis and 
ventricular septal defect; and (6) single 
ventricle with pulmonary stenosis. 


ANGIOCARDIOGRAPHIC DATA 


At present, we use selective angiocardiog- 
raphy to clarify the morphologic peculiarities of 
each case.'4!5 The contrast medium employed 
is the iodinated compound urographine (a 
mixture of sodium salts and methylglucaminate 
of 3,5-diacetyl-amino-2,4,6-triiodobenzoic acid) 
because it is the least toxic of all iodinated dyes 
and the general and local tolerance is excellent. 
In children up to two years of age we injected 
1 cc. per kg. of body weight; in patients over 
two years of age, 1.2 cc. per kg. 

In complex of the Fallot type the tip of the 
catheter is placed in the right ventricle. In one 
case the catheter passed through the septal 
defect into the left ventricle where the injection 
was made. The position was always postero- 
anterior and lateral. Generally, four exposures 
per second were made during the first five 
seconds. Then we allowed a pause of one 
second in children and two seconds in adults, 
and proceeded to the second exposure period ; 
two exposures per second were made during the 
next ten seconds. The pause allowed time for 
the radiopaque contrast medium to reach the 
left atrium (beginning of the levogram) without 
losing pictures and corresponded to the pul- 
monary circulation time. Although the pres- 
sure of the injection depended upon the amount 


Case 25, eighteenth angiocardiogram: Coronary arteries visualized. 


of contrast solution, the injection was made as 
quickly as possible within one to two seconds. 

In this angiocardiographic study of twenty 
cases, we describe the features of each of the 
six groups of malformations of the Fallot type 
as follows: 

Group 1, Classic Tetralogy of Fallot: ‘The defect 
of the interventricular septum is moderate or 
wide and there is an infundibular and/or 
valvular pulmonary stenosis of variable severity. 
An associated interatrial septal defect (pental- 
ogy of Fallot) may exist. The seven patients in 
this group had marked cyanosis from infancy, 
intense fatigability and dyspnea on the slightest 
exertion, clubbed fingers and toes, squatting, 
grade 2 systolic murmur occupying the first 
half of systole heard in the third left interspace, 
“coeur en sabot’” on fluoroscopy and poly- 
cythemia. 

Case 1. 


Figure 1 (second angiocardiogram) 
shows that the contrast medium injected into 
the right ventricle passed into the left ventricle 


through a ventricular septal defect. In Figure 
2 (sixth angiocardiogram) are seen both ven- 
tricles, an early opacified, dilated aorta which 
overrides the septum by about 30 per cent, and 
a narrowed, irregularly opacified, pulmonary 
artery. The absence of opacification in the 
region of the right ventricular outflow tract 
indicates a marked infundibular stenosis. Figure 
3 (tenth angiocardiogram): the contrast 
medium is homogeneously distributed in the 
two ventricular chambers. The absence of 
opacification in the infundibular region is very 
clear. The ventricular séptum and the way 
both ventricles simultaneously pump the dye 
into the aorta are perfectly defined. The 
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Case 25, nineteenth angiocardiogram: Posteroan- 
Note decrease in pulmonary circulation. 


Fic. 8. 
terior view. 


branches of the pulmonary artery are visible. 
In Figure 4 (tenth angiocardiogram, postero- 
anterior plane) the structures already described 
in the transverse plane angiocardiogram are 
seen as well as the extreme scantiness of 
the pulmonary circulation and the clear opaci- 
fication of the aortic branches. 

Group 2, Extreme Tetralogy of Fallot with Pul- 
monary Atresia or Pseudotruncus: Three patients 
in this group revealed the following clinical 
symptoms and signs: cyanosis of the face and 
fingers present from birth; fatigability and 
dyspnea on exertion; clubbed fingers and toes; 
polycythemia; grade 1 or 2 precordial systolic 
murmur, loudest in the third and fourth left 
interspace, and more intense in the last two- 
thirds of systole; and accentuation of the second 
sound. Fluoroscopy revealed ‘‘coeur en sabot”’ 
with hypertrophy of the right ventricle, normal 
left atrium and abnormally clear aortic window. 

Case 25. In Figure 5 (seventh angiocardio- 
gram) the contrast medium fills the right ven- 
tricular chamber and passes through a large 
septal defect to opacify the left ventricle. A 
single vessel arising from both ventricles was 
identified as the aorta. The left atrium was 
completely opacified during diastole. The 
catheter, first placed in the right ventricle, 
passed into the left ventricle where the injection 
was finished. As noted in Figure 6 (fourteenth 
angiocardiogram), the two ventricles fill simul- 
taneously with the contrast solution. The 
aorta is more intensely opacified, the vessels 
of the arch are more clearly depicted and the 
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emptying left atrium is still visible. Some 
branches of the coronary arteries may be ob- 
served. Figures 7 and 8 (eighteenth and 
nineteenth angiocardiograms) show a smaller 
amount of contrast material visualized in both 
ventricles, the branches of the coronary artery 
are more clearly defined and the root of the 
aorta, the vertebral and renal arteries are clearly 
outlined. In the posteroanterior picture the 
decrease in pulmonary circulation is remark- 
able. 

Simultaneous opacification of both ventricles 
when the contrast medium was injected sig- 
nifies a septal defect which must be large, 
not only because of the great amount of 
contrast medium which has passed through it 
but also because of the admission of the catheter 
tip into the left ventricle. A single vessel, the 
aorta, arises from both ventricles. The pul- 
monary artery and its branches are absent and 
the pulmonary circulation is very poor, being 
supplied only by the bronchial arteries. There 
is no direct or indirect evidence of a patent 
ductus arteriosus. We think reflux due to 
mitral incompetence from congenital malforma- 
tion of the aortic cusp of the mitral valve causes 
opacification of the left atrium. In our experi- 
ence this reflux is frequent in cases of large 
subaortic septal defects. A probe-patent fora- 
men ovale is also possible because the catheter 
entered the left atrium during the hemodynamic 
examination. Pseudotruncus, the most severe 
form of the tetralogy of Fallot, can only be 
distinguished from “true” truncus by selective 
angiocardiography but even selective angio- 
cardiography is of no diagnostic help in cases of 
‘true’ truncus associated with aplasia of both 
branches of the pulmonary artery. When 
pulmonary atresia is accompanied by very 
slight cyanosis and slight reduction of the 
functional work capacity patent ductus arterio- 
sus should be suspected. 

Group 3, So-called Acyanotic Tetralogy of Fallot 
or Slight Tetralogy of Fallot: Our series included 
three cases without cyanosis at rest and two 
with very faint cyanosis at rest. These patients 
had no symptoms or signs of respiratory disease 
or dyspnea but did have slight cyanosis on 
exertion. There was a systolic thrill in the 
third left interspace and a loud, grade 3 systolic 
murmur clearly audible in the third left inter- 
space. There was neither cyanosis nor clubbing 
of the fingers. On fluoroscopy moderate en- 
largement of the right ventricle and the pul- 
monary artery was evident. 


: 
A 
— 
A 
q 
¢ 4, 
— 
yl 
£ 
‘ 
; 
a 
bay 
| 
; 
a 


Coelho et al. 


Fic. 9. 
Fic. 10. 
artery. 
Fic. 11. 
Fic. 12. 


Case 32. In Figure 9 (sixth angiocardio- 
gram) there is a slight reflux of the contrast 
solution into the right atrium; the opacification 
of the aorta is faint and the pulmonary artery 
is clearly outlined. Figure 10 (seventh angio- 
cardiogram) shows the opacification of the right 
atrium, left ventricle and pulmonary artery. 
The aorta may be seen immediately above the 
right branch of the pulmonary artery. 
the levogram (Fig. 11, eighteenth angiocardio- 
gram) there is a more marked opacification of 
the left atrium, left ventricle, aorta and pulmo- 
nary artery. The reopacification of the pul- 
monary artery suggests the existence of a left 
to right shunt at the level of the ventricular 
septum. During hemodynamic examination 
the cathether entered the aorta (Fig. 12). 
There is no reduction of the pulmonary circula- 
tion. In cases of malformations of the Fallot 
type presenting with slight cyanosis on exertion 
the dextrogram may show a faint opacification 
of the aorta. 

Group 4, Stenosis of the Outflow Tract of the 
Right Ventricle or Pulmonary Stenosis and Large 
Ventricular Septal Defect without Dextroposition of 


During” 


Case 32, sixth angiocardiogram: The opacification of the aorta is faint. 
Case 32, seventh angiocardiogram: Aorta visualized above the right branch of the pulmonary 


Case 32, eighteenth angiocardiogram: Revisualization of the pulmonary artery. 
Case 32. The catheter entered the aorta during hemodynamic examination. 


the Aorta: ‘The two patients in this group 
present the functional and clinical features of 
the tetralogy of Fallot without the full mor- 
phologic alterations covered by the old concept 
of the tetralogy of Fallot. They have marked 
cyanosis, clubbed fingers and a grade 2, pre- 
cordial systolic murmur, louder in the third and 
fourth left interspaces. Fluoroscopy shows 
*‘coeur en sabot.”’ 

Case 37. Figure 13 (fourth angiocardio- 
gram) shows that the dye completely fills the 
right ventricular chamber and the infundib- 
ulum and enters the left ventricle through a 
septal defect. The clear space between the two 
ventricles corresponds to the interventricular 
septum and is visible in this position in cases 
of right ventricular hypertrophy and clockwise 
rotation. In Figure 14 (sixth angiocardio- 
gram), opacification of both ventricles and 
aorta is demonstrated together with a very 
narrow pulmonary artery whose shadow is 
superimposed on the image of the catheter at the 
level of the valvular plane. A small poststenotic 
dilation precedes the bifurcation of the pulmo- 
nary artery. In Figures 15 and 16 (sixth and 
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Fic. 13. Case 37, fourth angwocardiogram: The contrast medium entered the left ventricle through a 


septal defect. 


Fic. 14.. Case 37, sixth angiocardiogram: Opacification of both ventricles and aorta; narrow pulmo- 


nary artery. 


Fic. 15. Case 37, sixth angiocardiogram: Posteroanterior view. Visualization of the acrta and pul- 


monary artery with bifurcation of its right branch. 


Fic. 16. Case 37, seventh angiocardiogram: Posteroanterior view. Superimposed images of both 
ventricles; opacification reaching the border of the cardiac shadow. 


seventh angiocardiograms) the superimposed 
images of both ventricles can be seen by the 
opacification reaching the border of the cardiac 
shadow. Reflux into the right atrium, the 
bifurcation of the right branch of the pulmonary 
artery and the scanty pulmonary circulation 
are also visible. 

Group 5, Partial Transposition of the Great 
Vessels, Stenosis of the Outflow Tract of the Right 
Ventricle and Ventricular Septal Defect: Partial 
transposition accompanied by pulmonary val- 
vular and/or infundibular stenosis behaves 
functionally like classic tetralogy of Fallot in 
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which a great part of the blood ejected by the 
ventricles is shunted into the overriding aorta. 
In the two cases of this group cyanosis was 
early, severe and accompanied by clubbed 
fingers and polycythemia. 

Case 40. The radiopaque dye fills the 
ventricular chamber and refluxes into the right 
atrium in Figure 17 (third angiocardiogram). 
In Figure 18 (fifth angiocardiogram) the 
contrast medium fills the right ventricular 
chamber and visualizes two great vessels; the 
aorta is the most anterior, the pulmonary 
artery immediately behind it shows a narrowing 
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Fic. 17. Case 40, third angiocardiogram: Filling of the ventricular chamber and reflux into the right 


atrium. 
Fic. 18. 
monary artery shows a poststenotic dilatation. 


Fic. 19. 
aorta from the right ventricle. , 


Case 40, fifth angiocardiogram: Visualization of the aorta and pulmonary artery. The pul- 


Case 40, sixth angiocardiogram: The pulmonary artery arises from the left ventricle and the 


Fic. 20. Case 40, sixth angiocardiogram: Transposition of the great vessels in posteroanteiior position. 


in its initial portion, probably corresponding to 
valvular stenosis. Note that the contrast solu- 
tion opacified the two vessels before completely 
filling the left ventricle. The pulmonary artery 
shows a poststenotic dilatation. The heart is in 
diastole; therefore, the aortic semilunar valves 
may be clearly seen. As seen in Figure 19 
(sixth angiocardiogram), the pulmonary artery 
clearly arises from the left ventricle but the 
aorta arising almost completely from the right 
ventricle seems to override the septum. by about 
15 per cent. A contrasted shadow correspond- 
ing to a small patent ductus arteriosus lies 
between the pulmonary artery and the aorta 


and joins them. Figure 20 (sixth angiocardio- 
gram) shows that the aorta and the pulmonary 
artery assume a peculiar disposition because of 


the transposition of the great vessels. The 
ventricular shadows are superimposed. Pul- 
monary circulation is poor and situs inversus 
exists. Transposition of the ventricular cham- 
bers (or corrected transposition of the great 
vessels) accompanied by pulmonary valvular 
and/or infundibular stenosis behaves in the 
same way. The following angiocardiograms 
are included in this type. 

Case 41. In Figure 21 (fourth angiocardio- 
gram) the catheter outlines the right ventricular 


THE AMERICAN JOURNAL OF CARDIOLOGY 


ie 
= 
44 
2 

« 

2 

= 

= 3 

‘ 
= 

| 

an 
‘ 


Studies of the Fallot-type Complex 


Fic. 21. 
Fic. 23. 


chamber, the infundibulum occupies a posterior 
position and the pulmonary artery shows a post- 
stenotic dilatation. In the corresponding pos- 
teroanterior picture the infundibulum occupies a 
remarkably central position. The contrast 
medium faintly outlines the shadow of the 
aorta; its caliber is larger than normal and in 
this picture (Fig. 22, fifteenth angiocardiogram) 
it is placed entirely in front of the pulmonary 
artery. The corresponding posteroanterior pic- 
ture depicts the shadow of the aorta with right- 
sided aortic arch immediately above the clearly 
defined shadow of the poststenotic dilatation of 
the pulmonary artery. The levogram (Fig. 
23, twenty-fifth angiocardiogram) shows the 
return of the contrast medium to the left 
atrium which was also seen in the corresponding 
posteroanterior picture. Observe the left atrium 
in systole, the left ventricle in diastole and 
reopacification of the right ventricle due to a 
small left to right shunt. In the corresponding 
posteroanterior picture it is noted that the left 
ventricle is displaced to the left and its shadow 
is completely superimposed on that of the spine. 
These films demonstrate a ventricular sep- 
tal defect (opacification of the aorta during 
the dextrogram) and pulmonary valvular 
stenosis as shown by poststenotic dilatation. 
The pulmonary artery is posterior to the aorta. 
Both pulmonary artery and aorta arise only 
from the right ventricle and left ventricle, 
respectively; the ventricular chambers are 
transposed; pulmonary circulation is sufficient. 
There is a left to right shunt at ventricular level. 
Group 6, Single Ventricle and Pulmonary Stenosis: 
The patients of this group present cyanosis, 
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Case 41, fourth angiocardiogram: Poststenotic dilatation of the pulmonary artery. 
Fic, 22. Case 41, fifteenth angiocardiogram: Aorta larger than normal and piaced in front of the pulmonary artery. 


Case 41, twenty-fifth angiocardiogram: Return of the contrast medium to the left atrium. 
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clubbed fingers and toes and a grade 2 or 3 
systolic murmur in the third left interspace 
close to the sternum. Fluoroscopy shows an 
abnormal enlargement of all cardiac chambers. 
Angiocardiography was performed in one case. 

Case 43. Figure 24 (sixth angiocardiogram) 
shows that the contrast medium fills an ab- 
normally large ventricular chamber, from which 
two infundibula seem to arise: that of the right 
ventricle and that of the left ventricle. In the 
lower border of the opacified chamber in the 
dextrogram (Fig. 25, tenth angiocardiogram) 
is a small notch probably corresponding to the 
origin of the interventricular septum. The 
roots of the aorta and of the pulmonary artery 
are more clearly depicted; preceding the 
latter is a small narrowing which probably 
corresponds to an infundibular stenosis. It is 
possible that some dye which returned into the 
right atrium because of tricuspid incompetence 
is superimposed on the shadow of the ventricular 
chamber. The levogram (Fig. 26, twenty-first 
angiocardiogram) shows marked enlargement of 
the left atrium and a very dilated left atrial 
appendage encircling the root of the pulmonary 
artery. Figure 27 (twenty-sixth angiocardio- 
gram) identifies the single ventricular chamber, 
left atrium, aorta and pulmonary artery and the 
infundibular stenosis. 

A single ventricle, partial transposition of the 
great vessels and stenosis of the right outflow 
tract and possible tricuspid insufficiency are 
present. 


COMMENTS 
The angiocardiographic data in this series of 


< 
22 23 | 
A. 
4 
we, 
‘ 
fa, 


Coelho et al. 


Fic. 24. Case 43, sixth angiocardiogram: Large ventricular chamber with two infundibula. 


Fic. 25. 
clearly depicted. 


Case 43, tenth angiocardiogram: The roots of the aorta and pulmonary artery 


Fic. 26. Case 43, twenty-first angiocardiogram: Marked enlargement of the left atrium. 
Fic. 27. Case 43, twenty-sixth angiocardiogram: Clear identification of the single ventricular 


chamber and of the infundibular stenosis. 


twenty cases have a number of common features. 
Right ventricular hypertrophy is revealed by 
visualization of the thickened trabeculae which 
bulge into the ventricular chamber and by the 
extension of the ventricle to the sternocostal 
plate, especially at the level of the outflow tract. 
In some cases it was even possible to appreciate 
the thickness of the ventricular myocardium. 
Ventricular septal defect was seen in all 
angiocardiograms, usually demonstrated directly 
by passage of the contrast medium from the 


right to the left ventricle and in other cases 
indirectly, either by simultaneous opacification 
of the right ventricle and aorta or by reopaci- 
fication of the right ventricle during the levo- 
gram (especially in patients with only slight 
cyanosis). Cases of classic and extreme tetral- 
ogy of Fallot had no levogram because the 
greatest part of the contrast material was 
shunted directly from the right ventricle into 
the aorta. This phenomenon was produced 
not only by the stenosis of the right ventricular 
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TABLE I 
Distribution of Stenosis of the Right Ventricular Outflow Tract as Revealed by Angiocardiography (20 Cases) 


No. ot Cases 
Site 
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 
Valvular stenosis 1 3 2 2 
Infundibular stenosis - 2 1 
Infundibular and valvular stenosis 1 
Pulmonary atresia 


outflow tract but also by the greater degree of 
aortic overriding. 

Overriding of the aorta was observed except 
in the presence of slight cyanosis. Visualization 
of the aorta was then noted only during the 
levogram and was accompanied by clear re- 
opacification of the right ventricle. In this 
way the existence of a left to right shunt at the 
ventricular level can be demonstrated even 
when it has not been revealed by the hemo- 
dynamic examination. The majority of patients 
ha d aright to left shunt (right ventricle to aorta) ; 
only one subject had a right to left shunt at the 
ventricular level accompanying the right ven- 
tricle to aorta shunt. 

Stenosis of the right ventricular outflow 
tract, either infundibular or valvular, was 
always confirmed. Distribution is shown in 
Table 1. In only one case did the hemo- 


dynamic examination reveal pulmonary val- 
angio- 


vular stenosis with greater certainty; 


cardiography alone could not establish or 
confirm the diagnosis. 

Except for three cases, valvular stenosis was 
more clearly observed in the lateral view and 
infundibular stenosis was better demonstrated 
in the posteroanterior position. One patient 
(Case 8) with aortic valvular stenosis and 
pulmonary valvular stenosis also had stenosis 
at the level of the bifurcation and at the begin- 
ning of the right branch of the pulmonary 
artery with agenesis of the upper ramification 
of this branch (Figs. 28, 29 and 30). The 
degree of obliquity with which the pulmonary 
artery crossed with the aorta in lateral views 
always varied with the degree of dextroposition 
and overriding of the aorta. The relative 
position of the two vessels depended on the 
severity of the malformation (the more hori- 
zontal the pulmonary artery, the greater the 
degree of the aortic overriding, the hypertro- 
phy of the right ventricle and its clockwise 


Fic. 28. Case 8, sixth angiocardiogram: Dextrogram showing size of the ven- 


tricular septal defect. 
Fic. 29. 
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Case 8, ninth angiocardiogram: Poststenotic dilatation of the aorta. 
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Fic. 30. Case 8, twelfth angiocardiogram; Posteroanterior 
view. Abnormal position of the left branch of the 
pulmonary artery. Right arrow indicates narrowing of 
right branch of the pulmonary artery, left arrow in- 
dicates agenesis of the superior branch of right pulmo- 
nary artery. 


rotation). Angiocardiograms allowed the ap- 
preciation of the degree of dextroposition of 
the aorta in all the cases of complex of the 
Fallot type. 
strate the degrees of dextroposition. 

In one of the cases we could verify that there 
was no inferior vena cava and the catheter 
introduced through the saphenous vein pro- 
gressed through the azygos vein into the right 
atrium. Abnormal venous return was observed 
in some patients. Angiocardiographic exami- 
nations revealed important morphologic details 


Figures 31, 32 and 33 demon- 


Fic. 34. Group 1. 


Classic tetralogy of Fallot. 
trocardiogram of a representative case (Case 1). AP 


Elec- 


normally criented; the P wave is peaked in V;. Marked 
right deviation of the mean ventricular electrical axis 
in the frontal plane, and inclination to the right in the 
horizontal plane. AT directed inferiorly and inclined 
to the left. Precordial leads show qR pattern in V,R, 
VsR and V,R; Rs in Vi; and rS from V2 to V¢ (with 
abrupt transition from V; to V2). Negative T wave of 
small amplitude over the right precordium, including 
Vi. 


in the malformations of this type and established 
the basis for a wider concept of the tetralogy of 
Fallot. They helped to delineate the different 
anatomic shapes and relative positions of the 
aorta and pulmonary artery and to distinguish 
between true transposition and pseudotrans- 
position. Such information unique to angio- 
cardiography provided a better basis for 
ascertaining the surgical] possibilities. 


ELECTROCARDIOGRAPHIC AND VECTORCARDIO- 
GRAPHIC SIGNS 


In this series electrocardiograms consisted of 
the usual twelve leads and the right precordial 
leads (V;R to VR). They were always inter- 
preted on a vectoral basis. 

The cubic reference frame proposed by Grish- 
man and collaborators was used in all vector- 


Fic. 31. Overriding of the aorta ef about 20 per cent. 


Fic. 32. 
Fic. 33. 


Overriding of the aorta of about 30 per cent. 
Overriding of the aorta of about 50 per cent. 
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Fic. 35. Group 1. Classic tetralogy of Fallot. Vec- 
torcardiogram of a representative case (Case 1). The 
activation (QRS) loop is oriented forward, downward 
and slightlyjto the right, being confined to the lower 
right and anterior octant. It is regularly outlined, 
without any localized delay of conduction. The initial 
vectors are directed upward and slightly forward and 
to the right. The terminal vectors are directed to the 
right. The loop corresponding to repolarization (T 
loop), directed downward and to the left, diverges from 
the QRS loop, the divergence exceeding 90° in the 
horizontal projection. In the horizontal, sagittal and 
frontal projections the QRS loop rotates clockwise, 
counterclockwise and clockwise, respectively. 


cardiograms. The plane projections were 
oriented as if the patient in prone decubitus 
position was observed from-the front (frontal 
projection), from the right side (sagittal pro- 
jection) and from above (horizontal projection). 
In a patient with dextrocardia we changed the 
spatial orientation of the reference hexahedron 
accordingly. 
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Fic. 36. Group 2. Extreme tetralogy of Fallot. 
Electrocardiogram of a representative case (Case 25). 
AP normally oriented. Peaked P waves of great ampli- 
tude, especially in leads u, aVR, Vi and V2. AQRS 
oriented anteriorly, inferiorly and to the right. AT 
directed backward, to the left, and slightly upward. 
High R waves and negative T waves in leads u and 
aVF, and persistence of deeply negative T waves until 
V,. Small Q waves in V;R, V; and V2. Very high R 
waves in V;, changing sharply to RS pattern in V2; 
RS in 
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Fic. 37. Group 2. Extreme tetralogy of Fallot. 
Vectorcardiogram of a representative case (Case 25). 
The big and elongated P loop is directed downward and 
anteriorly. The QRS loop is directed predominantly 
forward and downward and slightly to the right, being 
confined to the lower right and antericr octant. It is 
outlined with regularity without localized delays. The 
initial vectors are directed backward, to the left and 
slightly upward, while the terminal vectors point for- 
ward, downward and to the right. The T loop is 
divergent from the QRS loop and almost opposed to it 
in the horizontal projection. The loops rotate clock- 
wise, counterclockwise and clockwise in the horizontal, 
sagittal and frontal projections, respectively. 


ELECTROCARDIOGRAMS 


Groups 7 to 3: In the records of the first three 
groups of Fallot-type complexes, including the 
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Fic. 38. 
Electrocardiogram of a representative case (Case 32). 
AP normally oriented. Normal contour of the P wave 


Group 3. Acyanotic tetralogy of Fallot. 


in all leads. AQRS pointing anteriorly, inferiorly and 
to the right. AT oriented anteriorly, inferiorly and to 
the left. In aVR the Q wave has the same amplitude 


as the R deflection. There is no Q wave in the right 
precordial leads; The Rs pattern in V;R and Vi 
The T wave. is nega- 


changes to Rs in V2 through V3. 
tive in all leads (V;R to V7). 


Fic. 39. Group 3. Acyanotic tetralogy of Fallot. 
Vectorcardiogram of a representative case (Case 32). 
The P loop is directed downward and to the left as 
normally. The QRS loop is distributed initially in the 
lower left and anterior octant and terminally in the 
upper right and posterior octant. 
regularities or conduction delays. The initial vectors 
point anteriorly, downward and to the left and the 
terminal vectors are directed posteriorly, upward and to 
the right. In the horizontal, sagittal and frontal planes 
the rotation is clockwise, counterclockwise and clock- 
wise, respectively. The T loop is directed as in the 
normal, downward and te the left. 


acyanotic (Case 32, Fig. 38), classic (Case 1, 
Fig. 34) and extreme (Case 25, Fig. 36) tetral- 
ogy, one can observe a gradual transition of 
the alterations of the electrocardiogram repre- 
senting progressive right ventricular preponder- 
ance (gradual increase in the amplitude of the 
R waves in V,; decrease of the S wave in V, 
until it completely disappears in the extreme 
case). In these same groups an initial negative 


It shows no 


Fic. 40. Group 4. Pulmonic stenosis with ventricular 
septal defect. Electrocardiogram of a representative 
case (Case 37). Normal AP. P waves of normal shape. 
AQRS oriented anteriorly inferiorly and to the right; 
AT posterior, inferior and left. Besides right axis devia- 
tion, the frontal plane leads show no special features, 
In the right precordial leads there is no Q wave. Gradual 
transition of the precordial leads with high R wave in 
Vi and V2, Rs in Vs; and V4, and RS in V; and V6. 
Negative T wave in V3. 


deflection in V, appears; the precordial T 
waves progressively become negative [T still 
positive in V, (Fig. 38); slightly negative in 
V, and positive in V2 (Fig. 34); and deeply 
negative through V, (Fig. 36)]. This evolution 
of the repolarization wave contrasts with the 
persistence of a sharp transition of the ventricular 
complexes (Rs to rS) between V, and Vz in all 
three groups. 

The P wave also showed a clear progression, 
being normal in the acyanotic group; higher and 
peaked in V, in classic tetralogy, and peaked and 
of high amplitude in leads 1, aVR, V; and V2 in 
the extreme cases. 

Group 4: The electrocardiogram of the 
representative patient in group 4 (Case 37, 
Fig. 40) is similar to that of cases of isolated 
pulmonary stenosis, showing a_ progressive 
transition of the ventricular complex from V, 
to V. with predominant R waves until V4. 
The T wave is strongly negative in Vj, pre- 
dominantly negative in V2 and positive in V3. 
The P waves have no special features. 

Group 5: The electrocardiogram of a patient 
in group 5 (Case 41, Fig. 42), although similar 
to the records seen in right ventricular pre- 
ponderance, differs from these in some respects; 
namely, deep negative deflections in the left 
precordial leads contrasting with the relatively 
low amplitude of the R wave on the right side; 
T wave concordant with the polarity of the 
main deflection of the QRS complex; very 
high P waves of increased duration with an 
independent terminal notch present in all 
leads and biphid in the left precordial leads, 
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Group 4. Pulmonic stenosis with ventricular 
Vectorcardiogram of a representative 
case (Case 37). P loop directed forward and downward 
with no special features. QRS loop distributed initially 
in the lower, left and anterior octant and predominantly 
in the right and anterior octant, with regular speed. 
The initial portion forms an expansion independent ot 
the main portion of the loop. The main vector points 
forward and downward. The initial vectors are directed 
anteriorly and slightly upward; the terminal vectors 
are oriented anteriorly, inferiorly and to the right. The 
QRS loop rotates clockwise in the horizontal and frontal 
projections and counterclockwise in the sagittal pro- 
jection; in the latter the loop is almost linear. The 
repolarization loop is spatially divergent, being almost 
diametrically opposed in the horizontal projection. 


Fic. 41. 
septal defect. 


suggesting an intraatrial conduction defect. 
Group 6: If we did not know the clinical 
diagnosis and anatomic position of the heart in 
the patient representing the last group (Case 
43, Fig. 44) we would interpret the electro- 
cardiogram as showing left ventricular hyper- 
trophy and strain. However, the cardiac 
shadow is displaced to the right; therefore, we 
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Fic. 43. Group 5. Partial transposition of the great 
vessels with pulmonic stenosis and ventricular septal 
defect. Vectorcardiogram of a representative case 
(Case 41). The P loop is directed straight downward. 
The main vector of the QRS loop also points almost 
vertically downward with the loop being displaced first 
anteriorly and then posteriorly. The plane of the loop 
coincides with the sagittal plane. There are no irregu- 
larities or conduction delays. The sense of rotation is 
counterclockwise in the frontal plane and clockwise in the 
sagittal plane. In the horizontal projection the loop 
adopts a “figure of eight” shape and rotates clockwise 
in its main (posterior) portion. The initial vectors are 
small and directed vertically upward. The terminal 
vectors coincide with the centripetal limb, pointing 
downward and slightly posteriorly and to the left. 
The T loop is concordant, being directed vertically down- 
ward. 


can conclude (considering the normal activa- 
tion of the atria) that this is not a case of true 
dextrocardia but rather of dextroposition. 
VECTORCARDIOGRAMS 

Groups 1 to 3: The vectorcardiograms corre- 


——— = = == 
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Fic. 42. Group 5. Partial transposition of the great vessels with pulmonic stenosis and 


ventricular septal defect. 


Electrocardiogram of a representative case (Case 41). 


AP 


directed dewnward and slightly forward and to the left (+80° in the frontal plane). 
The P wave has an increased amplitude and duration, more apparent in leads 11, 11 and 
aVF, and is biphid in lead 1 and the precordial leads. AQRS is directed downward, 


backward and to the left, and AT points downward and to the right. 


There is a qR pattern 


with negative T wave in lead 1, V; and V, and rS pattern in the right precordial leads. 
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Electrocardio- 
AP directed downward and to the left. 
High amplitude of the P wave especially in leads 1, aVR and the middle pre- 
cordial leads; increased duration reaching 0.14 second. Gross notches in all 
leads, with a well marked terminal notch. Diphasic P waves (with added in- 
dependent notch) from VR to V; and biphid P waves in the left precordial leads. 
AQRS directed downward and to the right. AT directed almost vertically 


Fic. 44. Group 6. Single ventricle with pulmonic stenosis. 
gram of a representative case (Case 43). 


downward and slightly anteriorly. In aVR there is a qR pattern with negative 
T wave. In the precordial leads there are qR complexes from V,R to Vj, 
suddenly changing to rS from V2 onward. The T wave is positive in the right 


precordial leads (accompanying a high R wave). 


sponding to the first three groups included in 
the usual concept of the tetralogy of Fallot 
[acyanotic (Case 32, Fig. 39), classic (Case 1, 
Fig. 35) and extreme tetralogy (Case 25, Fig. 
37)] show a gradual transition in the vector- 
cardiographic alterations typical of right ven-. 
tricular’ preponderance; namely, the initial 
vectors oriented anteriorly in the first two cases 
point backward in the third one, the terminal 
vectors are directed upward, backward and to 
the right in the first example, to the right in the 
second, and forward, downward and to the 
right in the third one; the main portion of the 
QRS loop is equally distributed on both sides 
of the zero point in the acyanotic patient and is 
more clearly displaced to the right in the other 


two. At the same time, the sagittal loop be- 


comes more anterior and less inferior in these 
same two cases. In the first two cases the loop 
corresponding to repolarization is within normal 
limits (although it diverges clearly from the 
QRS loop in Case 1) while in the third example 
(extreme tetralogy of Fallot) it is distinctly 
directed backward so that it is almost diametri- 
cally opposed to the QRS loop in the horizontal 
projection. True spatial opposition (as we 
have noted in cases of pure pulmonary stenosis) 
was never observed. 

Group 4: The representative case of group 4 
(Case 37, Fig. 41) is vectorcardiographically 
similar to the example of classic tetralogy. 

Group 5: The vectorcardiogram of a case in 
group 5 (Case 41, Fig. 43) shows the features of 


right ventricular preponderance (predominantly 
oriented downward, forward and to the right) 
but presents certain peculiarities; namely, initial 
invasion of the upper, left and anterior octant, 
the “‘figure of eight” configuration in all plane 
projections, the predominantly counterclock- 
wise rotation in the horizontal projection and 
the abnormal spatial orientation of the T loop, 
which points downward and forward and is 
concordant with the QRS loop. The remark- 
ably abnormal P loop was interpreted as repre- 
senting right preponderance and disturbance 
in intraatrial conduction. 

Group 6: The vectorcardiogram of the 
patient representing the last group (Case 43, 
Fig. 45) is frankly abnormal and difficult to 
interpret. Its shape and direction are very 
unusual and differ from those usually ob- 
served in left or right ventricular preponder- 
ance. Considering the anatomic position of 
the heart and the underlying malformation, 
we note that this vectorcardiogram corresponds 
to right ventricular electrical preponderance 
with the activation loop rotated between 90° 
and 180° (Fig. 46) on a longitudinal axis. In 
the latter case it would be similar to the tracing 
reproduced in Figure 37 (not considering the 
repolarization loop). 


ELECTROCARDIOGRAPHIC ANALYSIS 


The electrocardiographic records of forty- 
three cases in this series have been studied 
(Table 1). All showed normal sinus rhythm. 
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Fic. 45. Group 6. Single ventricle with pulmonic 
stenosis. Vectorcardiogram of a representative case 
(Case 43). The P loop, of unusual size and directed 
downward and slightly forward, is slowly inscribed and 
irregularly shaped; there is a more irregular and slower 
terminal portion which suggests an intraatrial conduction 
block. The QRS loop, elongated and predominantly 
directed forward, downward and to the right, is of 
abnormal configuration and in the last 0.02 second, is 
more slowly inscribed. The initial vectors ge straight 
upward and the initial portion of the loop invades the 
upper left and anterior octant; its main portion is 
oriented anteriorly, inferiorly and to the right. The 
terminal vectors which coincide with the centripetal 
limb, point downward, forward and to the right. The 
loop rotates clockwise in the frontal plane, counter- 
clockwise in the sagittal plane and draws a “figure of 
eight”’ in the horizontal plane. The very elongated T 
loop is directed downward and slightly forward; al- 
though diverging from the activation loop, the deviation 
is slight. 


Seventeen patients had right atrial electrical 
preponderance, probably biatrial in four. 
In five patients of groups 1 and 2 the P waves 
were usually high and peaked in leads 1, 1, 
aVF and the right precordial leads. The bi- 
atrial pattern was observed in three cases of 
classic tetralogy and probably in one case of 
single ventricle where it coexisted with an atrial 
block. Atrioventricular conduction was normal 
in all cases except in Case 43 (single ventricle) 
when the P-R interval was 0.24 second. In 
the majority of cases (thirty-five patients) the 
mean ventricular electrical axis was oriented 
toward the lower. right quadrant (+90° to 
+179°). The remaining eight cases were 
distributed as follows: three in the lower left 
quadrant (0° to +89°), two in the upper left 
quadrant (—1° to —90°) and three in the 
upper right quadrant (—91° to 180°). 
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In thirty-three of thirty-six cases covered by 
the current concept of the tetralogy of Fallot 
(groups 1, 2 and 3 of our classification) the mean 
ventricular electrical axis was confined to the 
lower right quadrant; in the remaining three, 
the clinical diagnosis could not be established 
beyond doubt in two, and the third had an 
associated subaortic stenosis. In three of the 
seven cases of the other groups (groups 4, 5 and 
6 of our classification), the mean ventricular 
electrical axis pointed to the lower right quad- 
rant (two were cases of single ventricle); the 
remaining four were more or less evenly dis- 
tributed in the other quadrants. In two 
patients of group 4 the mean ventricular elec- 
trical axis was directed to the upper left quad- 
rant and, in the two cases of group 5, it pointed 
in one to the upper left quadrant and in the 
other to the lower left one. 

Right Precordial Leads: The positive deflection 
was predominant im the right precordial leads 
of nearly all cases. In four cases belonging to 
different groups (group 1, Case 13; group 3, 
Case 36; group 4, Case 39; group 6, Case 42) 
the negative deflection was larger (rS pattern) 
in V;. Ten cases (seven in group 1, two in 
group 2 and one in group 6) showed qR or qRs 
patterns in the right precordial leads. 

Six cases had a second positive deflection 
(rsR’ or rR’s) in V, usually referred to as the 
‘incomplete right bundle branch block” pat- 
tern. The vectorcardiographic study of these 
cases always confirmed the existence of right 
ventricular electrical preponderance without 
any disturbance in intraventricular conduction. 

The duration of the QRS complex, measured 
in lead mu, was not greater than 0.08 second, 
except in two cases with durations of 0.10 
second (Case 42, group 6; Case 11, group 1). 
In all cases showing rR’ or rsR’ pattern the 
duration of the QRS was equal to or less than 
0.08 second. 

All cases showed a sharp transition from V; 
to V2, from predominantly positive to pre- 
dominantly negative deflections. Ten cases 
were included in group 1 and 2; the other case 
belonged to group 6. In the left precordial 


leads (V; and V,) persistence of S waves (with 
the R/S ratio less than or equal to 1) was found 
in twenty cases. 

T Waves: In the majority of cases the mean 
electrical axis of ventricular repolarization 
pointed to the lower left quadrant (0° to 89°) 
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TABLE II 
Electrocardiograms 
AP AQRS QRS AT 
Sex Hor- Hor- Hor- 
. Frontal | izon- | Frontal | izon- Frontal | izon- 
Plane tal Plane | tal | Lead! Va VeR to VsR; V2 to Vo vi Ve Plane tal 
Plane Plane Plane 
A. Tetralogy of Fallot (Classic) 
1 M 5 +60° AL +135° R rS qR qR in VeR and VsR; Rs rS +55° L 
R in V4R; rS in V2; 
RS in Vi to Ve 
2 M 4 +60° A +150° A qRS QR rR’s in V3R; rSfrom V2 |_ rR’s qRS +50° aL 
to Vs; qRS in Ve 
3 F 3 +75° aL +120° AL rS QR qRs in VsR; RS from qRs qR +85° AL 
V2 to Va; qR in Ve 
4 M 11 +50° AL +130° pR rS R qR from V6R to VsR; qRs rS — 30° AL 
rS from V2 to Ve 
5 M 18 +35° AL +110° AR rS QR qR from V¢R to VsR; qRs RS +60° PL 
Rs from V2 to V7 
6 M 14 +70° A +125° R rS rSR’ qR in VeR; R in Vs Rs RS +60° aL 
and V4R; rS from V2 
to V7 
7 M 19 +65° | AL +135° | AR | qrS qR rsR’ in Va; rS in V2 rsR’ RS +25° | aL 
and V3; RS from V4 
to Vs 
8 F 7 +5° AL +120° aR RS QR R from V2 to V4; Rs in rR’ RS , = aL 
Vs; RSin Ve and Vz 
9 M 13 atote ee +135° R rS QR Rs from V2 to Vs R Rs +50° AL 
10 M 5 sien aes +120° R RS rsr’ RS in V2; Rs in V3 RS +70° AL 
and V4 
11 M 17 +150° rS rS RsR’‘s’ in V2; RS from R qRS +60° 
V3 to Vs 
12 M 2 +40° AL +165° R rS qR rS from V2 to Ve R RS 0° L 
13 M 5 +30° AL +150° PR qrS rsR’ rS from V2 to Ve rS rS +45° aL 
14 F 3 +50° AL +140° AR rs . qR rR’s in V2; rS from V3 R’s rS +30° AL 
to Ve 
15 M 8 +45° +150° rS qR +45° 
16 M 9 Ae +100° A RS rSR’| Rin V2; Rs from V3 to R RS 45° Al 
Vs; RS in Ve 
17 F 20 Pre ia +140° ae rS rsr‘s’ in V2; rS in V3 rsR’ — 20° 
(months) 
18 F 2, 5 +50° AL +140° AR rS qR Rs in V2; RS from V4 Rs RS +45° AL 
to Ve 
19 F 12 +30° AL +120° AR rS QR RS from V2 to Ve R RS +30° AL 
20 M 15 +80° AL +130° AR qrS rSR RS from V2 to Vs; qRS| R qRS +35° AL 
in Ve 
21 F 11 +160° R rS qR qRS in V2; RS from V3} qR RS +120° PL 
to Ve 
22 M 10 +120° +120° A rS QR rS in V2; RS in Va; Rs qRS +45° 
qRs from Vs to V7 
23 M 2 +90° A — 160° pR qrS qR rS from V2 to Ve Rs rS +30° L 
24 F 11 +30° | AL | +135°} AR| qrS’ rsR’ | Rsin VsR; rS from V2 Rs qrS iG F 
to Vs; qrS in Ve 


in the frontal plane. In four cases (two of 
group 1 and two of group 2) it occupied the 
upper quadrant, diverging widely from the 
QRS axis (+150°). In another four cases 
(two of group 5, one of group 1 and one of 
group 6) the mean axis of repolarization was 
situated in the lower right quadrant. 

In the precordial leads the T wave was pre- 
dominantly oriented anteriorly and to the left 
in almost all cases. In three cases (two of 
group 1 and one of group 2) it was directed 
backward and to the left and in one case (group 
5) backward and to the right. 


Summary of Electrocardiographic Findings: Analy- 
sis of the electrocardiograms of the thirty-two 
cases established that the most common type is 
characterized by predominance of positive 
deflections in the right precordial leads (almost 
always a single positive deflection, occasionally 
accompanied by an R’ orr’); a sharp transition 
between V, and V2, a diphasic complex or pre- 
dominance of the terminal negative deflection 
in V; or V, and marked right axis deviation in 
the frontal plane not exceeding +179°. Within 
the groups covered by the usual concept of the 
tetralogy of Fallot (groups 1, 2 and 3), only two 
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TABLE 11 Continued 
Electrocardiograms 
AP AQRS QRS AT 
Sex Hor- Hor- Hor- 
: Frontal | izon- | Frontal | izon- Frontal | izon- 
Plane tal Plane tal Lead I aVR VeR to V3R; V2 to Ve Vi Ve Plane tal 
Plane Plane Plane 
B. Tetralogy of Fallot (extreme) 
25 M 5 +50° | AL | +110°} AR] rS rsS qRs in VsR; qRS in V2;| qRs RS —20° | PL 
RS from V3 to Ve 
26 F 7 —15° | AL +135° | AL rS QR R in VeR; Rs from RS qR 0° AL 
VsR to VsR 
27 M 5 +20° | AL —170° | AR] rS qR Rs from V2 to Va; rS qR rS +65° | aL 
in Vs and Ve 
28 M 1 +50° AL +100° | A RS QR Reg? rR’ RS +80° AL 
29 F 11 +55° | AL +105° L rS QR Rs in V2 and V4; rS in Rs RS +70° AL 
(months) Ve 
30 M 15 bins dis +130° | RA! rS rSR’| RS from V: to Vs Rs rS —20° AL 
31 F 10 +80° ae +175° pela Qs R R in V3sR; RS in V2; Rs rS +15° me 
rS from V3 to Vs 
C. Tetralogy of Fallot (mild or acyanotic) 
32 F 19 +50° | A +135° R rS QR Rs in VsR; RSfrom Vz: | Rs RS +70° | AL ; 
to Ve ae 
33 F 16 +50° AL +135° AR | rS qR qR in V.R and V3R; qR RS +10° PL 
Rs in V2 and V3; RS 
in V4 and V7 
34 M 11 +45° L +60° L qRr’| rSr’ rS from V2 to V4; qRs RS qR 4-55° AL 
in Vs; qR in Ve ee? 
35 F 6 +120° R rS qR Rs in V4R; RS in V2; Rs R +50° AL (is: 
Rs from V3 to Vs be 
36 M 9 +40° A +75° PL Rs rS rS in V4; qRs from V5 rS qR +45° aL Fughk=! 
to Ve 3; 
D. Interventricular Septal Defect and Pulmonary Stenosis 
37 F 25 +60° L +120° | AR| RS QR Rin V3R; Rs from V2 R RS +30° PL 
to Vs; RS in Vs 
38 M 37 +60° | AL 0°; A Rs Qr rsR’ in VaR; Rs from Rs R +20° 
V2R to Vs; R in Ve 
39 F 7 +45° A —75° ae qR qR rS in VeR; qrS in V2; rS rS +80° AL 
qRS V: to Vs; rS 
from V¢ to Vs 
E. Transposition (or Pseudotransposition) of the Great Vessels and Interventricular Septal Defect and Pulmonary Stenosis 
40 M 6 +120° | AR —90° | A QR qRS rS from V6R to VsR; RSr’| rSR’| +135° AR 
rR’ in V2 and Vz; 
rsr’ V5 to Vs 
41 M 7 +80° A +60° | AL qR rS rS from VsR to V3R rS qR +100° PR 
F. Single Ventricle and Pulmonary Stenosis 
42 M 16 +30° AL +100° | pL RS Qr rsR’ in VaR; rSin VsR;| rS Rs 0° | AL 
rS in V2 and V3sR 
43 F 27 +60° AL +135° R rS qR qR from V6R to VsR; qRs rS +95° aL 
rS from V2: to Vz 


Note: In this table and Table m, abbreviations are as follows: A = anterior; P = posterior; I = inferior; S = superior; L = left and R = 
right. Lower case letters indicate small amplitude of deflection. 


patients (both from group 3, one of them having _alterations of ventricular repolarization of the 
associated aortic stenosis) could not be in- type usually called “ventricular strain.” Con- 
cluded in this common type. The majority trary to what was expected for these patients’ 
of the electrocardiograms revealed no evident average age, positive IT waves in the right 
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TABLE II 
Vectorcardiograms 


QRS Loop 


Ter- 
Horizontal | Sagittal Frontal | Octant | Jnitial | minal 


Plane Plane Plane Vectors 


Tetralogy of Fallot (classic) 


c. cw.T cw. IL 

c. Cw. cw. AIL 

AIL 

+ circular 


ork 


Cw 
cw 
cw 
cw. 
cw. 
cw 
cw 
cw 
cw 


Tetralogy of Fallot (extreme) 


cw. . CW. AIR 
(Fig. of 8) 
c. Cw. AIL 
cw. 

cw. ARi 
(Fig. of 8) 


C. Tetralogy of Fallot (mild or acyanotic) 


PSR 
PSL 


AIL 


D.  Interventricular Septal Defect and Pulmonary Stenosis 


cw. c. Cw. cw. AILR AIL AIR 
cw. c. Cw. cw. AIR AS AIR 
cw. (Fig. of 8)| cw. AIL AI AIR 
cw. c. Cw. cw. APSR AIL PSR 


E. Transposition (or Pseudotransposition) of the Great Vessels and Interventricular Septal Defect and Pulmonary Stenosis 


APIL AS PIR Al 


41 M 7 cw. 
| (Fig. of 8) 


F. Single Ventricle and Pulmonary Stenosis 


42 c. Cw. 
43 (Fig. of 8) 


* cw. = clockwise; { c. cw. = counterclockwise. 
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No. Octant Octant 
(years) 

| 

| 

cate 1 AI cw.* 

ee 3 AI cw. 

4 I cw. 

fos 6 AIL | cw. (Fig. of 8) AILR | ASR | PIL | AIL 

1 ets 7 AI cw. c. cw. AILR AL IR IL 
Mra, 8 AI cw. c. Cw. ARsI AS PLS | Ip 

mS 20 I cw. c. ew. AILR | S ASR | IL 
ee 24 I cw. c. ew. ARsi LI ASL | IL 

3 a ee: 22 AIL cw. c. Cw. AILR AS R AIL 

oe 25 M5 | Al PSL | AIR | PIL 

26 7 |} AL ASR | AI AIL 
31 AS PL Lpl 

32 Fi9 | I cw. c. cw. cw. ArISR | AIL IL 

34 M 11 AIL c. cw. cw. c. cw. APIL AR IL 
sik 36 M9 | AIL | c.ew. cw. cw. AILr ASrs | mm | IL 

37 F 2.5 AI . 
mer 38 M37 | Al 1L 
39 F 7 IL 
ages | | | | | 

cw. c. cw. 

| | 

ee Cc. Cw. cw. ARi SL PL Il 
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Fic. 46. Vectorcardiogram (Case 38). 
Fic. 47. Vectorcardiogram (Case 2). 


precordial leads were relatively frequent. 

In half of the cases the P waves were peaked in 
leads u, m1, aVF and the right precordial 
leads, with right deviation of AP in the frontal 
plane. The variety of patterns in each par- 
ticular lead makes it difficult to establish any 
consistent progression of the _ electrocardio- 
graphic alterations within this series. We did 
not note any evident correlation between the 
variations of the commonest type of electro- 
cardiogram and pathophysiologic groups of our 
classification. 

The consistent finding of right ventricular 
preponderance, generally less marked than that 
observed in cases of pulmonary stenosis both 
pure and associated with interatrial septal 
defect, leads us to consider the electrical altera- 
tions of significant diagnostic value in cases of 
complexes of the Fallot type. In the absence 
of right ventricular electrical preponderance 
this diagnosis (as the only malformation present) 
should be considered cautiously. 


VECTORCARDIOGRAPHIC ANALYSIS 


Only twenty-five of the forty-three cases 
could be studied vectorcardiographically (Table 
11). Detailed analysis of these vectorcardio- 
grams permit grouping twenty cases within a 
frequent morphologic type with some variation 
of spatial distribution as will be shown. The 
remaining five cases with quite different features 
could not be included in ‘any homogeneous 
group. They varied from a normal example 
(Case 34, interventricular septal defect plus 
infundibular pulmonary stenosis) to the remark- 
able alterations found in Case 39 (pulmonary 
stenosis plus interventricular septal defect and 
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The QRS loop predominantly occupies the lower, left and anterior octant, 
The QRS loop is situated to the left and to the right of the isoelectric’ point. 


possibly interatrial septal defect and/or anom- 
alous venous return) where it was similar to 
cases of “ostium primum” because of the 
upward direction and counterclockwise rotation 
of the QRS loop in the frontal plane. The 
alterations shown by Case 41 (pseudotrans- 
position of the great vessels with inversion of 
the ventricular chambers) were also very 
peculiar. These five atypical cases also include 
two patients with single ventricle (Cases 43 
and 42) who differed from one another. The 
orientation was predominantly anterior in the 
first patient and posterior in the other. In the 
twenty vectorcardiograms grouped on the basis 
of their common morphology the activation 
loops were always oriented anteriorly and 
inferiorly. The repolarization loop was fre- 
quently divergent but never spatially opposed. 
The initial vectors were almost always directed 
anteriorly and upward and the terminal 
vectors were, in the majority of cases, oriented 
to the right, indifferently forward or backward. 

QRS Loops: Looking at the activation loops 
confined to the anterior and inferior octants 
we can establish a gradation in keeping with 
the relative size of the areas occupied to the 
right and to the left of the zero point. Thus in 
four cases (Cases 38, 26, 3 and 36) the loop 
predominantly occupies the lower left and 
anterior octant (Fig. 46); in two cases (cases 
32 and 2) the areas situated to the left and to 
the right of the zero point were comparable 
(Fig. 47); in another three (Cases 4, 24 and 
31) the QRS loop was almost totally to the 
right of the isoelectric point (Fig. 48); in the 
remaining eleven cases (Cases 1, 6-9, 20, 22, 
25, 33, 35 and 37) it was situated to the right of 
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Fic. 48. Vectorcardiogram (Case 31). QRS loop was 
almost totally to the right of the isoelectric point. 


the zero point but always with a considerable 
initial portion on the left side (Fig. 49). 

In eighteen of these twenty cases the QRS 
loop rotated clockwise in the horizontal and 
frontal projections; in the majority of patients 
the rotation was counterclockwise in the sagittal 
projection (clockwise in four). Of the re- 
maining two cases, the rotation was counter- 
clockwise in the horizontal plane, clockwise in 
the other two planes in Case 36; in the other 
patient (Case 31) the horizontal projection 
adopted a “‘figure of eight’’ contour, the rotation 
being clockwise in the sagittal and counter- 
clockwise in the frontal planes. Of these 
two cases which did not rotate clockwise in the 


horizontal projection, one had extreme tetralogy - 


of Fallot with pseudotruncus (Case 31) and the 
other, acyanotic tetralogy of Fallot associated 
with subaortic stenosis (Case 36). 

Significance of Findings: We may conclude 
that with rare exceptions both the vector- 
cardiogram and the electrocardiogram showed 
a good homogeneity, specially in the first three 
groups, with clear predominance of the electrical 
forces directed anteriorly, inferiorly and to 
the right and without spatial opposition of the 
repolarization loop. The variations could not 
be consistently correlated with the clinical 
severity. From current electrocardiographic 
criteria it is sometimes difficult to ascertain if 
some of the patterns correspond to physiologic 
preponderance of the right ventricle (in the 
youngest patients) or to disturbances in intra- 


Fic. 49. Vectorcardiogram (Case 33). The QRS loop 


is situated predominantly to the right of the isoelectric 
point, with a considerable initial portion on the left side. 


ventricular conduction (in cases with a second 
positive deflection in the right precordial leads). 
The vectorcardiographic study was of para- 
mount importance in interpreting these dubious 
cases because, on the basis of our previous experi- 
ence, all of them could be interpreted as repre- 
senting pathologic preponderance of the right 
ventricle. 


HEMODYNAMIC FINDINGS 


Of the forty-three cases, thirty-five were 
studied by venous catheterization (Table tv). 
The average age of the patients submitted to 
hemodynamic examination was eleven years 
(oldest, 37; youngest, 1). Only two were 
more than twenty years old. In the majority 
of cases the catheter was introduced through an 
antecubital vein and through one of the saphe- 
nous veins when angiocardiographic examination 
was Carried out simultaneously. 

Only in eight cases (group 1, 2 and 3) did 
the catheter enter the aorta from the right 
ventricle; two patients (Cases 33 and 32) 
belonged to the acyanotic group and the 
diagnosis could be established by that fact. 
The catheter entered the left ventricle through an 
interventricular septal defect in only one case 
(Case 36). In six cases the catheter passed 
from the right atrium to the left atrium. An 
increase of the oxygen concentration greater 
than 1.5 volume per cent at the level of the 
right atrium allowed the presumptive diagnosis 
of true interatrial septal defect in four cases. 
Cardiac catheterization demonstrated anoma- 
lous drainage of the pulmonary veins in ‘three 
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cases and, in another two cases, a left superior 
vena Cava entering the right atrium. 

Pulmonary capillary pressure recorded in 
eight cases showed mean values ranging from 5 
to 12 mm. Hg. In four patients it exceeded the 
upper limit of normal, 8mm. Hg. This finding 
may be related to the existence of bronchopulmo- 
nary arterial shunts. 

Pulmonary Artery and Right Ventricular Pressures: 
The catheter entered the pulmonary artery in 
twenty-one patients. Such passage was more 
difficult in extreme tetralogy of Fallot (group 2) 
and we could insert the catheter into the 
pulmonary artery in only one of the five cases. 
This was possible in more than half the patients 
of group 1 (thirteen out of twenty), in almost 
all cases of group 3, and in two of group 4. 

The average pulmonary artery pressure was normal 
[19/9 (13) mm. Hg] but the pressures in the 
different groups varied. For instance, in cases 
of slight or acyanotic tetralogy of Fallot the 
average pressures were higher [25/12 (20) mm. 
Hg] than in cases of group 1 covering classic 
tetralogy of Fallot [16/8 (11) mm. Hg]. In 
this study of the right ventricular and pul- 
monary artery pressures some of the initial 
cases were not included (Cases 17, 21, 23, 28 
and 30), as in these patients pressures were 
recorded by a water manometer recording only 
the mean pressures. 

The existence of an infundibular chamber 
could be demonstrated hemodynamically in 
four of twenty-one cases in which the catheter 
entered the pulmonary artery. However, only 
in fourteen of the twenty-one patients could the 
transition curves be properly analyzed. The 
analysis of the pressure gradients enables us to 
establish that in one of these patients the 
stenosis was exclusively infundibular. Right 
venticular systolic pressure never exceeded 130 
mm. Hg and only in eleven cases was it equal to 
or greater than 100 mm. Hg. The lowest 
pressure recorded was 38 mm. Hg. The aver- 
age systolic pressure was 88 mm. Hg. There 
was no significant variation from group to 
group except in group 2 in which pressures were 
markedly higher. 

In nine cases the intraventricular end diastolic 
pressure slightly exceeded the upper limit of 
normal. None’ presented .any subjective _ or 
objective clinical manifestiation of congestive 
cardiac failure. The mean atrial pressure also 
slightly exceeded the upper limit of normal in 
ten subjects. 

In the fourteen patients in whom the pul- 


APRIL 1961 


monary artery-right ventricular systolic gradient 
could be determined, an average gradient of 
72.5 mm. Hg (maximum of 107 mm. Hg) 
was noted. Only in three cases was the gradi- 
ent equal to or less than 40 (in one case only 
12 mm. Hg). In the eight patients in whom 
the catheter could enter the aorta from the right 
ventricle, the intra-aortic systolic pressure was 
similar to the right ventricular systolic pres- 
sure (maximum difference of 6 mm. Hg in 
one case). 

Morphology of the Pressure Curves: The pul- 
monary pressure curve was frequently atypical, 
showing multiple oscillations; at other times, a 
late systolic wave with a slow rise could be 
recognized. The right ventricular pressure 
curve often showed symmetrical limbs and a 
“damped” appearance. In several cases altera- 
tions in the pulmonary artery—ventricular transi- 
tion have been found which are currently 
attributed to the so-called “Venturi effect.” 
A predominant, sometimes a giant, a@ wave 
was found in the right atrial curve in the great 
majority of cases. 

Shunts: The average arterial oxygen satura- 
tion was 78.5 per cent in group 1, 62 per cent 
in group 2 and varied between 90 and 92 per 
cent in group 3. Blood samples from the right 
ventricle showed an increase of the oxygen 
concentration equal to or greater than 1 volume 
per cent in eight of the twenty cases of group 1, 
in two of the five cases of group 2 and in two of 
the five cases of group 3. Among groups 1, 2 
and 3 there was no difference in the frequency 
with which the existence of a left to right shunt 
at the ventricular level could be demonstrated. 

In one of the two cases in group 4 a left to 
right shunt at the ventricular level was noted. 
One of the two cases of single ventricle showed 
an increase in the oxygen concentration at the 
ventricular level, reaching 4.8 volumes per cent. 


COMMENTS 


The correct interpretation of the clinical signs 
supplied by physical examination, comple- 
mented by fluoroscopy, phonocardiography, 
electrocardiography and _ vectorcardiography, 
permits the diagnosis of complex of the Fallot 
type in the majority of cases. Angiocardiog- 
raphy and venous catheterization provide 
more exact anatomic and pathophysiologic 
knowledge of this syndrome. Dye dilution 
curves and isotopically labeled substances 
facilitate the study of shunts. Angiocardio- 
graphic, electrical and hemodynamic data ex- 
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TABLE IV 
Hemodynamic Data 
Pressure (mm. Hg) 
Case Age 
Sex Pulm Infun- 
No. ears ulmonary nfu : ; 
Wedged rtery Chamber entricie trium 
A. Tetralogy of 
1 M 5 55/2 8/4(6) 
2 M 4 78/10 (6) 
3 F 3 46/10 
a M 11 116/105 (10) (14) 121/10 (10) 
5 M 18 are 7/3(5) 23/7(14) 5 di 130/4 10/2(6) 
6 M 14 He 15/10(12) 30/8 70/4 8/2(4) 
7 M 19 8/5(7) 11/6(9) ee 105/5 (2) 
8 F 7 oe 15/10(12) 80/0 10/0(4) 
9 M 13 18/6(8) 120/—2 a 
11 M 17 (7) (54) (3) 
12 M 2 14/6(9) 90/2 (6) 
13 M 5 (12) 80/5 (5) 
16 M 9 (15) (45) (4) 
17 F 20 (months) (24) (50) ; 
20 M 15 (10) 100/2 (5) 
21 F 11 (9) (50) (9) 
23 M 20 as : (40) (10) 
24 F 11 73/53(59) 70/7 11/6(9) 
22 M 10 a 96/0 6/2(4) 
B. Tetralogy of 
25 M 5 75/5 15/7(10) 
26 F 7 96/67 (11) 17/11(14) 40 100/9 7/—2(5) 
28 M 1 (33) (7) 
30 F 15 aay (44) (12) 
31 F 9 77/49 71/15 12/8(10) 
C. Tetralogy of Fallot 
32 F 19 110/60(80) (7) 28/10(16) sist 110/7 10/0(5) 
33 F 16 120/72 10/2(6) 18/8(9) 25/0 120/8 11/—2(4) 
34 M 11 26/16(22) 38/3 9/6(7) 
35 F 6 98/10 18/12(15) 
36 M 9 75/6(LV) 26/13(21) 29/4 66/0 8/4(6) . 
D.  Interventricular Septal 
38 M 37 20/9(12) 29/13(20) 100/10 12/3(8) 
39 F 7 13/6(9) 20/11 59/5 12/0(5) 
E. Transposition (or Pseudotransposition) of the Great 
40 M 6 83/70 85/5 10/3(6) 
41 M 7 80/50(65) 85/17 (16) 
F. Single Ventricle 
42 M 16 15/5(8) er 110/10 (5) 
43 F 27 as 57/13 125/10 17/4(13) 
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TABLE 1v Continued 


Oxygen (vol. per cent) 


Superior . Arterial 
Chin ena Cava ium entricle ery tery (per cent) 

Fallot (classic) 
15.9 16.5 16.1 17.1 
14.5 14.9 14.5 14.6 
9.4 8.5 9.8 8.0 
11.7 13.8 12.3 12.1 19 -* 76 
16.9 ye 18.7 18.8 19.1 rene 25.5 83 
18.1 19.7 19.5 19.1 eg 27.0 eM Aorta 85 
23.8 5 22.9 24.2 22.0 27.6 87 
14.4 12.2 14.4 16.2 17.6 20.5 86 
14.3 12.5 14.1 15.8 15.8 18.7 89 
13.9 Ie 14.2 13.9 13.5 18.5 75 
ies 9.3 10.6 10.6 10.2 14.8 75 
13.1 11.9 12.4 14.8 13.4 te. 15.5 75 
11.7 11.4 12.3 18.1 17.6 69 
8.7 10 10.9 15.5 67 
16 16 17.5 Oy ‘Wa 20.4 78 
21 24.8 23.6 25.8 25.8 ee 26.9 80 
15.3 11.5 17 16 oe 19.6 79 
14.9 ite 19.2 18.6 18.9 
14.6 14.2 15 17.2 18.2 79 
Fallot (extreme) 
14.9 14.7 14.4 16.0 pale 
: 9.7 8.5 7.8 14.5 nr Aorta 67 
7.4 7.9 13.5 61 
16.4 16.6 17.5 20.3 69 
(mild or acyanotic) 
13.4 ui 15.6 17.1 16.6 19.4 Aorta 92 
13.1 13.6 13.0 14.5 13.8 19.6 19.8 92 
15.3 $6.7 16.2 16.5 pads 96 
10.6 13.0 11.0 11.8 she's adh 16.2 90 
9.4 9.6 9.9 10.2 11.0 13.8(LV) 13.6 94 
Defect and Pulmonary Stenosis 
13.4 ay 13.5 14.6 14.8 aes 17.9 92 
13.8 14.3 14.3 14.1 14.3 
Vessels and Ventricular Septal Defect and Pulmonary Stenosis 
16.5 16.8 16.2 15.9 ibis 22 22.1 85 
15.0 15.4 15.8 16.0 19.2 Aorta 80 
and Pulmonary Stenosis 
20.3 21.4 21.7 23.0 76 
12.4 12.8 13.8 18.3 Kas nas 17.7 83 
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plain the variability of the symptoms within 
each group of the complex of the Fallot type. 
However, in the first four groups the physical 
signs are not as characteristic as in pure pulmo- 
nary stenosis; precordial bulging is not as 
frequent; the systolic murmur is, as a rule, less 
intense or even absent in severe cases. When 
valvular and infundibular stenosis coexist in 
any of the four groups the systolic murmur is 
louder in the third and the fourth left inter- 
spaces and may start immediately after the be- 
ginning of systole. As the right ventricle empties 
easily the systole is not prolonged and the 
murmur is not so long as in pure pulmonary 
stenosis. 

When a collateral circulation is established 
through the bronchial arteries, a continuous 
murmur may be heard over the two lung fields. 
The second sound is sometimes accentuated in 
the second left interspace; phonocardiography 
reveals that such accentuation depends only on 
the closure of the aortic valves. The second 
sound is clearer because of the anterior position 
of the aorta. The poor pulmonary circulation 
and the low pulmonary pressure lessen the 
pulmonary component of the second sound. 
The electrical and hemodynamic patterns of 


right ventricular hypertension are less con-. 


spicuous than in cases of pulmonary stenosis 
either pure or associated with interatrial septal 
defect. 

The pathophysiologic interpretation of the 
complex of the Fallot type must account for the 
following three functional conditions: (1) 
interventricular septal defect and slight valvular 
or infundibular pulmonary stenosis associated 
with left to right shunt; (2) interventricular 
septal defect and moderate valvular or infun- 


dibular pulmonary stenosis associated with bi- ° 


directional shunt; (3) interventricular septal 
defect with slight valvular or infundibular 
stenosis associated with right to left shunt. 

In classic tetralogy of Fallot (group 1) there is, 
as a rule, severe pulmonary stenosis and a large 
septal defect, but the septal defect may be 
moderate and the intensity of the pulmonary 
stenosis variable. Hemodynamic changes re- 
sulting from the combination of these factors 
consist of a large right to left shunt (sometimes 
associated with a small left to right shunt) 
and equal pressures in both ventricles. Varying 
clinical signs and symptoms of early cyanosis, 
squatting, clubbing and dyspnea depend upon 
those hemodynamic changes. 


Extreme tetralogy of Fallot, suggested by 


Taussig!® (group 2), consists of extreme stenosis 
or even atresia of the pulmonary artery associ- 
ated with a large interventricular septal defect. 
It is characterized hemodynamically by a large 
right to left shunt, reduction or absence of the 
pulmonary blood flow and comparable pressures 
in both ventricles. 

Slight tetralogy of Fallot (group 3) includes 
acyanotic patients and those slightly cyanotic 
on exertion. This form is characterized, ana- 
tomically, by a mild or moderate pulmonary 
stenosis associated with interventricular septal 
defect of small or moderate size. The blood 
volume shunted in either direction is small. 
Right intraventricular pressure may be equal to 
or lower than left intraventricular pressure. 
Symptoms are mild and cyanosis is absent at 
rest.!7—18 Rowe et reported four acyanotic 
patients under the designation of “atypical 
tetralogy of Fallot.”” Keats et al.?° described 
four cases without cyanosis. McCord et al.® 
and Holladay and Withman* also include the 
acyanotic cases in the tetralogy of Fallot. 
According to Wood et al.” this group con- 
stitutes 10 per cent of the cases of the tetralogy 
of Fallot. 

In this combination of pulmonary stenosis 
and large interventricular septal defect, the size 
of the latter partly influences the position of the 
aorta and, thus, the cyanosis. In acyanotic or 
slightly cyanotic cases the aorta is only poorly 
opacified on angiocardiography and the direct 
passage of the catheter from the right ventricle 
into the aorta offers diagnostic aid. 

Patients in group 4 show the clinical picture 
and the pathophysiologic signs of the tetralogy 
of Fallot but no overriding of the aorta.” 
Angiocardiography demonstrates the absence 
of aortic overriding. The clinical picture is 
conditioned by the large septal defect and 
severe pulmonary stenosis. When the surgical 
correction of these malformations consists only 
in a pulmonary valvulotomy, this syndrome be- 
comes an interventricular septal defect with 
pulmonary hypercirculation and consequent 
right ventricular overloading. Right ventricular 
hypertrophy leading to clockwise rotation of the 
heart and dextroposition of the aorta may 
change this syndrome of the Fallot type into a 
classic tetralogy of Fallot. 

Patients of this group demonstrated that 
pulmonary stenosis associated with interven- 
tricular septal defect may lead to a right to left 
shunt and cyanosis either with or without aortic 
overriding. Similar systolic pressures in both 
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ventricles make more intimate the relations 
between the aorta and the interventricular 
septal defect. 

Partial transposition of the great vessels (group 5) 
is functionally comparable to classic tetralogy of 
Fallot in which a great portion of the blood 
expelled by the ventricles is shunted directly 
into the aorta. Cyanosis is precocious and 
intense, accompanied by clubbing and poly- 
cythemia. 

The group of single ventricle (group 6) is formed 
by those cases in which the interventricular 
septal defect reaches its largest size, accom- 
panied by pulmonary stenosis of variable degree. 
The admixture of venous and arterial blood and 
the degree of pulmonary stenosis determine the 
hemodynamic changes and the clinical picture. 

The pathophysiology of cyanosis in the different 
groups of the complex of the Fallot type raises 
the problem of the location of the admixture of 
venous and arterial blood. Does it occur in 
both infundibular chambers, in the aorta or in 
the left ventricle, due to right ventricular hyper- 
tension and right to left shunt? The location 
of the venoarterial blood mixing depends on the 
interrelations of the following three factors: 
(1) degree of stenosis of the outflow tract; 
(2) size of interventricular septal defect; and 
(3) degree of aortic overriding. If the stenosis 
of the outflow tract is severe and aortic over- 
riding absént or little pronounced, the mixture 
occurs predominantly in the left ventricular 
outflow tract and very slightly in the aorta. 
If the stenosis is moderate and aorta overriding 
severe the mixture occurs in the aorta and only 
partially in the infundibular chambers. The 
variation in the intensity of these three elements 
enables us to understand the variable patho- 
physiology of the cases covered by the complex 
of the Fallot type ranging from severe cyanotic 
conditions to the acyanotic group. Aortic 
overriding is not the dominating factor in 
determining the hemodynamic pattern. 


SUMMARY 


Clinical, angiocardiographic, electrocardio- 
graphic, vectorcardiographic and hemodynamic 
data concerning patients with tetralogy of 
Fallot showed that the tetralogy of Fallot must 
be regarded as a part of a.large “spectrum” 
syndrome (the complex of the Fallot type) 
which includes the following six groups: (1) 
classic tetralogy of Fallot; (2) extreme tetralogy 
of Fallot; (3) acyanotic tetralogy of Fallot; 
(4) stenosis of the outflow tract of the right 
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ventricle or pulmonary stenosis with inter- 
ventricular septal defect and no overriding of 
the aorta; (5) partial transposition of the 
great vessels with stenosis of the outflow tract 
of the right ventricle or pulmonary stenosis 
and interventricular septal defect; (6) single 
ventricle with pulmonary stenosis. There is a 
common anatomic denominator: the existence 
of interventricular septal defect and stenosis of 
the right ventricular outflow tract or pulmonary 
stenosis. The groups differ from one another 
only in the anatomico-functional interrelations 
of these two factors. The third factor (aortic 
overriding) may be absent. All groups show a 
comparable clinical and pathophysiologic pic- 
ture. 

This report shows the results of the angio- 
cardiographic, electrocardiographic, vector- 
cardiographic and hemodynamic studies in 
patients included in each group of the complex 
of the Fallot type which illustrate the respective 
pathophysiologic features. 


REFERENCES 


1. Brount, S. G., MueLLter, H. and McCorp, M. C. 
Ventricular septal defect; clinical and hemo- 
dynamic patterns. Am. J. Med., 18: 871, 1955. 

2. BRoapBENT, J. C., Woop, E. H. and Burcue tt, 
H. B. Left to right intracardiac shunts in the 
presence of pulmonary stenosis. Proc. Staff Meet. 
Mayo Clin., 28: 101, 1953. 

3. Deucnar, D. C. and Zax, G. A. Cardiac cathe- 
terization in congenital heart disease. Four 
cases of pulmonary stenosis with increased pul- 
monary blood flow. Guy’s Hosp. Rep., 101: 1, 
1952. 

4. Epwarps, J. E. Functional pathology of the 
pulmonary vascular tree in congenital cardiac 
disease. Circulation, 15: 164, 1957. 

5. Traité des Cardiopathies Congénitales, p. 585. 
Edited by Hem pe Batsac, R., Métianu, C., 
Duranp, M. and Dusost, Cu. Paris, 1954. 
Masson & Cie. 

6. Kyettperc, S. R., MANNHEIMER, E., Rupue, U., 


Jounson, B. Diagnosis of Congenital Heart 
Disease, p. 183. Chicago, 1955. The Year 
Book Publishers. 


7. Mactipson, O., Cossy, R. S., Dmrrrorr, S. P., 
Levinson, D. C. and Grirrirxa, G. C. Pulmo- 
nary stenosis with left to right shunts. Am. J. 
Med., 17: 311, 1954. 

8. E1sENMENGER, V. Ursprung der Aorta aus beiden 
Ventrikeln bein Defect des Septum ventriculorum. 
Wien. klin. Wehnschr., 11: 26, 1898. 

9. Setzer, A. Defects of the cardiac septum. J.A. 
M.A., 154: 129, 1954. 

10. Sexzer, A. and Laqueur, G. L. The Eisenmenger 
complex and its relation to the uncomplicated 
defect of the ventricular septum. Arch. Int. Med., 
87: 218, 1951. 

11A.Sexzer, A. Defect of ventricular septum. Arch. 
Ini. Med., 84: 798, 1949. 


y 
ae 
| 
Jf 
3. 
= 
i 
nth 
; 
2 
* 
habe 
2 
te BY 
Vicks 


564 Coelho et al. 


118. Spitzer, A. Ueber den Bauplan des normalen und 
missbildeten Herzens. Versuch einer phylogene- 
tischen Theorie. Virchow’s Arch. f. path. Anat., 
243: 81, 1923. 

12. Rowe, R. D., Vian, P. and Kern, J. Atypical 
tetralogy of Fallot: a noncyanotic form with 
increased lung vascularity. Report of four cases. 
Circulation, 12: 230, 1955. 

13. McCorp, M., Van ELK, J. and BLount, 8. G. Tetral- 
ogy of Fallot. Clinical and hemodynamic 
spectrum of combined pulmonary stenosis and 
ventricular septal defect. Circulation, 16: 736, 
1957. 

14. Coetno, E., Parva, E. and Nunes, A. La valeur 
de )’angiocardiographie dirigée dans le diagnostic 
anatomique des cardiopathies congénitales et de 
la sténose mitrale. Semaine hép., 33: 483, 1957. 

15. Coetno, E., Parva, E., Nunes, A. and SEQUERRA- 
Amram, S. Quelques aspects angiocardiograph- 
iques et physiopathologiques des malformations 
du type de la “tetralogie de Fallot.’? Semaine 
Hép., 35: 477, 1959. 

16. Taussic, H. B. Congenital Malformations of the 
Heart, p.110. London, 1947. Oxford University 
Press. 


17. Morritt, G. R., Zinsser, H. F., Jn., Kuo, P. T., 
Jounson, J. and Scunaset, T. G. Pulmonary 
stenosis with left to right intracardiac shunts. 
Am. J. Med., 16: 521, 1954. 

18. Napas, A., Rosensaum, H., Wirrensorc, M. H. 
and Rupotpnu, A. Tetralogy of Fallot with uni- 
lateral pulmonary atresia. Circulation, 8: 328. 
1953. 

19. Rupotpw, A. M., Napas, A. and Goopa.e, W. T. 
Intracardial left to right shunt with pulmonic 
stenosis. Am. Heart J., 48: 808, 1954. 

20. Keats, T. E. and Martt, J. M. Acyanotic tetral- 
ogy of Fallot. Am. J. Roentgenol., 82: 417, 1957. 

21. Hottapay, W. E. and WitHman, A. C. The 
tetralogy of Fallot. The variability of its clinical 
manifestations. Arch Int. Med., 100: 400, 1957. 

22. Woop, P., Macipson, O. and Witson, P. A. O. 
Ventricular septal defect with note on acyanotic 
Fallot’s tetralogy. Brit. Heart J., 16: 387, 1954. 

23. Set, G. G. R., Fowrer, R. L, Samors, E., 
Hyman, A. L., Levy, L. and Orpway, N. K. 
Physiological studies in cases of “tetralogy of 
Fallot’? with little or no overriding of the aorta. 
Second World Congress of Cardiology, Washing- 
ton, D. C., Sept 1954, 


THE AMERICAN JOURNAL OF CARDIOLOGY 


ig 
| 
an BS 
le 
q 
= 


Reports on Therapy 


The Diabetogenic Effect ot 
Thiazide Diuretics’ 


Jacos ZATUCHNI, M.D. and FLORENCE KorDASzZ, M.D. 


Philadelphia, Pennsylvania 


Za efficacy of chlorothiazide and its analogs 
as diuretic agents is well known.'~* These 
compounds have been used extensively and with 
remarkably few untoward reactions not spe- 
cifically attributable to their diuretic effect, 
even following prolonged administration of 
large doses. Less known, and of considerable 
interest and potential significance, is their 
effect upon body metabolism and in particular 
that of carbohydrate. The purpose of this 
report is to emphasize that these compounds 
are sometimes diabetogenic. 


MATERIAL AND METHOD 


Twenty-five hospitalized ambulant patients were 
selected at random. There were nineteen women 
and six men, twenty-three to eighty-four years of 
age, with an average age of 59.8 years. Eight had 
coronary artery disease, seven cerebrovascular lesions, 
two rheumatic heart disease, one benign essential 
hypertension, one arteriosclerotic valvular heart 
disease, one hyperthyroidism, one pulmonary emphy- 
sema, one gastric diverticulum and three were 
normal. There was a history of diabetes mellitus 
in only one and no specific treatment was ever 
taken. 

At the time of study and for at least one week 
previously, the diet was unrestricted and high in 
carbohydrate, and illness was stabilized. 

A morning two hour postprandial specimen of 
blood was obtained for determination of glucose by 
the Folin-Wu method. In our laboratory, the two 
hour postprandial blood glucose does not exceed 
120 mg. per cent in the normal. Blood specimens 
were obtained both with and without previous 
administration of chlorothiazidet or trichlormethi- 


+ Generously supplied as Diuril® by Dr. Edmund 
W. J. DeMaar, Merck, Sharp and Dohme, Inc. 


azide.t Breakfast was kept constant. The control 
value was that obtained on the day the drug was not 
administered. The following day, either chloro- 
thiazide or trichlormethiazide was given orally with 
breakfast. Twelve received 8 mg. of trichlormethi- 
azide, seven, 16 mg. of trichlormethiazide and six, 
1,000 mg. of chlorothiazide. The drugs were well 
tolerated and no symptoms were produced. 


RESULTS 


The morning two hour postprandial blood 
glucose values on both the control day and the 
day of administration of either chlorothiazide or 
trichlormethiazide are given in Table 1. 

Fifteen persons, ten women and five men, 
thirty-nine to seventy-four years of age with an 
average age of 59.2 years, demonstrated after 
administration of the thiazide compounds no 
rise of blood glucose to a value either greater 
than 120 mg. per cent, if initially normal, or 
greater than the control, if initially abnormal. 
The control value was 120 mg. per cent or 
less in six and greater in nine. Following thi- 
azide administration, the blood glucose was 120 
mg. per cent or lessineleven. In the remaining 
four, it exceeded this value but was less than 
the control in three and equalled it in one. 
Of the fifteen, eight received 8 mg. of trichlor- 
methiazide, four, 16 mg. of trichlormethiazide 
and three, 1,000 mg. of chlorothiazide. 

Ten persons, nine women and one man, 
twenty-three to eighty-four years of age, with an 
average age of 59.8 years, demonstrated after 
administration of the thiazide compounds blood 
glucose values greater than the control and 


t Generously supplied as Naqua by Dr. J. Black, 
Schering Corporation. 


* From the Departments of Medicine, Temple University School of Medicine and Episcopal Hospital, Philadelphia, 
Pennsylvania. Supported by grants from Merck, Sharp and Dohme, Inc., and Schering Corporation. 
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TABLE I 
Two Hour Postprandial Blood Glucose Values before and after Administration of Chlorothiazide or Trichlormethiazide 


: Two Hour Postprandial 
Blood Glucose (mg. %) 
Sex and Age Diagnoses* 
Before After 
1 F, 80 CAD 130 103 t 8 
2 F, 69 CVA 90 113 » 8 
3 F, 58 RHD 225 218 T 8 
4 M, 39 N 96 103 T 8 
5 M, 43 N 88 105 ry 8 
6 M, 42 CAD 133 133 x 8 
7 F, 45 CAD 133 84 {4 8 
8 F, 73 GD 96 88 C 1,000 
9 F, 49 CAD 141 123 Cc 1,000 
10 F, 68 CVA 130 109 T 8 
11 M, 70 PE 119 115 Cc 1,000 
12 M, 72 N 133 130 T 16 
13 F, 63 CVA 113 109 T 16 
14 F, 74 CVA 189 84 T 16 
15 F, 43 CAD 158 113 T 16 
16 F, 63 HBP 141 162 = 8 
17 F, 66 CAD 119 168 T 8 
18 F, 84 ASHD 113 173 : 4 8 
19 F, 72 CVA 107 152 Cc 1,000 
20 F, 23 HT 127 152 T 8 
21 F, 56 CAD 137 147 Cc 1,000 
22 F, 50 RHD 137 207 c's 16 
23 F, 67 CVA 100 137 T 16 
24 F, 63 CAD 212 218 T 16 
25 M, 54 CVA ae 152 Cc 1,000 
*CAD=coronary artery disease; CVA=cerebrovascular accident; RHD=rheumatic heart disease; GD= 


gastric diverticulum; PE=pulmonary emphysema; HT=hyperthyroidism; HBP=hypertension; ASHD =arterio- 
sclerotic heart disease; N =normal. 
T=trichlormethiazide; C=chlorothiazide. 


exceeding 120 mg. per cent (Cases 16 to 25). 
The control value was less than 120 mg. per 
cent in four. After thiazide administration 
these four showed a rise of blood glucose of 37 
to 60 mg. per cent. The remaining six had 
control values exceeding 120 mg. per cent 
and showed after thiazide administration a rise 
of blood glucose of 6 to 70 mg. per cent. One 
of these six (Case 24), a sixty-three year old 
woman with coronary artery disease, knew of 
diabetes mellitus for eight years but had 
never received any specific treatment. She 
was the only one in the entire group with any 
knowledge of pre-existing diabetes mellitus. 


COMMENTS 


This study demonstrates that the adminis- 
tration of thiazide compounds is sometimes 
followed by an elevation of the two hour post- 
prandial glucose exceeding 120 mg. per cent. 


Appearance or intensification of diabetes mellitus 
after institution of therapy with thiazide com- 
pounds has been noted by others.*~* Goldner, 
Zarowitz and Akgun,® in the only systematic 
study, observed in six of twenty diabetic persons 
an increase in hyperglycemia which occurred 
three to five days after initiation of treatment 
with thiazide compounds and disappeared soon 
after cessation of these drugs. None of their 
twenty nondiabetic persons showed an ab- 
normally elevated blood glucose during thiazide 
therapy, or change in oral glucose tolerance 
test that was done in four both before and 
during medication. In the present study, 
administration of thiazide compounds was not 
followed by increased abnormality in nine with 
elevated control values or by rise to abnormal 
levels in six whose two hour postprandial blood 
glucose was initially normal. 

In an additional three normal subjects, not 
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included in this report, three hour oral glucose 
tolerance tests with and without administra- 
tion of 8 mg. of trichlormethiazide showed no 
significant differences. On the other hand, 
thiazide administration precipitated hypergly- 
cemia in four and intensified it in six. 

The mechanism of the production of hyperglycemia 
following thiazide administration is unknown. 
It was apparently not related to dose, which was 
variable, or to diuretic effect, for it appeared 
early before peak diuresis,’ and occurred in the 
absence of diuresis. It is also not due to 
electrolyte depletion for again it is early in 
appearance and n> change has been found in 
blood electrolytes including potassium.5 More- 
over, it is not due to interference with insulin or 
oral hypoglycemic agents for it occurs in their 
absence, and administration with hypoglycemic 
agents is not necessarily followed by a worsen- 
ing of the diabetic state.§ Finally, although 
a toxic pancreatic effect has been reported 
following prolonged use of thiazide com- 
pounds in middle-aged or elderly persons,°® 
such an effect here is unlikely because hyper- 
glycemia occurred early, regardless of age and 
without accompanying change in occasional 
determinations of serum amylase. 

Its importance at the moment resides in the 
fact that thiazide compounds can produce 
impairment of glucose tolerance. It may make 
hyperglycemia worse in diabetic patients and 
it may precipitate hyperglycemia in nondiabetic 
subjects. The latter effect may indicate a 
state of latent diabetes mellitus, not otherwise 
detectable, and suggests a possible diagnostic 
role of thiazide compounds, thereby producing 
from an unwanted effect something possibly 
meaningful. 


SUMMARY AND CONCLUSIONS 


1. Two hour post prandial blood specimens 
were obtained for glucose determination before 
and after administration of either chlorothiazide 
or trichloromethiazide in twenty-five hospital- 
ized ambulant patients after a week’s stabiliza- 
tion of illness and unrestricted high carbohy- 
drate diet. All but one had no knowledge 
of diabetes mellitus. 
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2. Fourteen of the twenty-five patients 
showed a value greater than 120 mg. per cent 
after thiazide administration. Of these four- 
teen, the control value was less than 120 mg. 
per cent in four and greater in ten. In these 
ten, all with a control value greater than 120 
mg. per cent, the glucose level after thiazide 
administration was higher in six, unchanged in 
one and less in three. 

3. A total of ten of the twenty-five patients 
had an increase in blood glucose values to 
abnormal levels after thiazide administration, 
ranging from 6 to 70 mg. per cent over control 
values. 

4. Thiazide compounds may precipitate or 
intensify hyperglycemia. 
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benzothiadiazine derivatives can ex- 
acerbate the course of a previously well 
controlled diabetic patient and can also cause 
development of an overt symptomatic diabetes 
in a subclinical latent case.'~’ The following 
case report illustrates the importance of recog- 
nizing this relationship. 


ILLUSTRATIVE CASE 


A seventy-eight year old retired textile importer 
was admitted to St. Vincent’s Hospital complaining 
of severe substernal pain. Serial electrocardiograms 
showed the evolution of an acute anterior myocardial 
infarction. There was a_ corresponding febrile 
response with a rise in the white blood count, sedi- 
mentation rate and serum transaminase levels. Pre- 
vious chest pain was denied. However, he did state 
that for several years he had intermittent ankle 
edema and at one time received digitalis. The 
past medical history was otherwise unremarkable. 
He denied diabetes and a family history was negative 
for diabetes. 

Physical examination revealed a white man who 
appeared younger than his stated age. The only 
abnormal findings were distant heart sounds, basilar 
pulmonary rales, a palpable liver and one plus 
ankle edema. Bed scale weight was 155 pounds. 

On the day following admission the fasting blood 
sugar was 147 mg. per cent; blood urea nitrogen, 
25 mg. per cent; urinalysis showed a trace of al- 
bumin but no glucose. A fasting blood sugar on the 
third day was 132 mg. per cent. Urines were then 
tested for sugar and acetone four times a day for six 
days. Only one specimen showed a trace of glucose. 
A postprandial blood sugar on the ninth day was 224 
mg. per cent. At this point he was considered to 
have latent diabetes and was given a 1,600 calorie 
diabetic low sodium diet. Periodic urines remained 
negative for sugar. 

The hospital course was uneventful. The basilar 
rales, hepatomegaly and dependent edema were 
easily controlled with meralluride sodium. A week 
before discharge he was ambulated and at the same 
time was digitalized with digoxin and given hydro- 
chlorothiazide 50 mg. once a day. Two days before 
leaving the hospital his fasting blood sugar was 74 mg. 


Saluretic Drugs and Diabetes Mellitus’ 


MATTHEW J. FERGUSON, M.D. 
New York, New York 


per cent. He was discharged on the 31st hospital 
day. At this time he weighed 150 pounds. 

Subsequent Course: At home his wife elected to 
follow rigidly the diet prescribed in the hospital. 
Daily weights remained at 150 pounds, plus or minus 
one-half pound. He made his first office visit six 
weeks after discharge. Progress was considered ex- 
cellent. His weight was 150 pounds. A week later 
he volunteered that urinary frequency was annoying. 
At this visit he weighed 148 pounds. On his next 
visit, two weeks later (ten weeks after starting 
hydrochlorothiazide 50 mg. daily), he complained of 
feeling poorly. Specifically he noted . weight loss, 
polyuria and polydipsia. Physical examination was 
unremarkable except that he now weighed 143 
pounds, a total weight loss of seven pounds in three 
weeks. 

Hydrochlorothiazide exacerbation of his latent 
diabetes was then considered. Blood sugar at this 
time was 300 mg. per cent and urinalysis revealed 
four plus sugar and four plus acetone. The hydro- 
chlorothiazide was immediately discontinued and 
within two days the acetone cleared. However, he 
continued to have one to two plus glycosuria and a 
week later had lost one more pound and his blood 
sugar remained at 300 mg. per cent. Because of the 
weight loss and the patient’s own anxiety, he was 
given 125 mg. of chlorpropamide daily and after 
ten days (seventeen days after hydrochlorothiazide 
was discontinued), glycosuria disappeared. His 
blood sugar was 114 and 112 mg. per cent during 
the second and third week of chlorpropamide therapy. 
He had regained three pounds. After three weeks 
the chlorpropamide was stopped and since then his 
urine has been glucose-free. He maintains a 2,000 
calorie diabetic low sodium diet and receives periodic 
meralluride sodium for edema control. His last 
fasting blood sugar was 92 mg. per cent. 


Comment: This patient’s subclinical diabetes 
was unmasked by the stress reaction accompany- 
ing a myocardial infarction. It was, however, 
mild and easily controlled by diet. In this 
case a small amount of hydrochlorothiazide, 
50 mg. daily, did not provoke overt clinical 
diabetes until ten weeks after it was initiated. 
There was immediate but not complete amelio- 


* From the Department of Medicine, St. Vincent’s Hospital of the City of New York, New York. 
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ration of the condition after discontinuing the 
drug. Chlorpropamide was used here because 
of the patient’s anxiety and weight loss. It was 
discontinued after three weeks and since then 
urines have been glucose-free and fasting blood 
sugar has been normal. 


COMMENTS 


Wilkins' was the first to call attention to the 
occurrence of hyperglycemia and glycosuria in 
patients receiving benzothiadiazine derivatives. 
He raised the question of cause and effect 
relationship. Finnerty? mentioned the phe- 
nomenon in three patients using chlorothiazide. 
Two of these had an aggravation of pre-existent 
diabetes and the other was not known to have 
had a previous diabetic tendency. Freis* 
noticed the relationship in two of his patients 
who were receiving hydrochlorothiazide. Hol- 
list reported a mother and daughter with occult 
diabetes aggravated by chlorothiazide. 

Goldner, Zarowitz and Akgun® reported a 
patient with familial history of diabetes mellitus 
who suddenly developed moderately severe 
clinical diabetes after changing from merallu- 
ride sodium to chlorothiazide. ‘Tolbutamide 
caused a partial amelioration but it was not 
until chlorothiazide was discontinued that the 
blood sugar returned to normal levels. These 
investigators then gave large doses of the benzo- 
thiadiazine derivatives to twenty nondiabetic 
and twenty diabetic subjects. Serial urines for 
glucose, fasting blood sugars and electrolyte 
determinations were followed. The nondiabetic 
patients failed to show any rise in blood sugar 
or glycosuria. Pre- and postbenzothiadiazine 
glucose tolerance tests in four of these showed no 
change. On the contrary, six of the twenty 
diabetic patients evidenced an aggravation of 
their disease. The increase in blood sugar and 
glycosuria occurred three to five days after 
the start of therapy and returned to pretreat- 
ment levels as soon as the medication was dis- 
continued. In the remaining fourteen diabetic 
subjects there was no adverse effect on their 
clinical or chemical status. 

The exact physiochemical mechanism of the 
benzothiadiazine derivatives in intensifying the 
diabetic tendency is not yet established. The 
phenomenon can also occur in diabetic pa- 
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tients receiving insulin and the arylsulfonylurea 
drugs as well as in the nonmedicated patient 
with latent diabetes. That only a _ small 
minority of diabetic patients exhibit this effect 
is interesting. 

Today with so many hypertensive and edem- 
atous patients receiving these valuable diu- 
retic agents, the clinicians must be alert to this 
important side effect. Polyuria, weight loss 
and weakness, which are to be expected with 
the use of the saluretic drugs, may not always be 
salutary. If the patient reports such symptoms 
after the expected initial diuresis, a review of 
his diabetic history, urinalysis and fasting blood 
sugar are in order. 

At the time of this writing, the following drugs 
have been incriminated as a cause of intensify- 
ing diabetes: chlorothiazide,'*5 hydrochloro- 
thiazide, hydroflumethiazide*’ and benzyhydro- 
flumethiazide.57 


SUMMARY 


The saluretic drugs can exacerbate the course 
of a previously well controlled diabetic patient 
and can also provoke the development of overt 
symptomatic diabetes in a previously latent 
case. A patient exhibiting the latter phenom- 
enon is described. The clinician is advised 
to be alert to this untoward reaction. 
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ORONARY angiography is not likely in the 

foreseeable future to become a routine or 

even a frequent diagnostic procedure. Never- 

theless, technics are currently available which, 

without significant trauma or risk to the 

patient, regularly will demonstrate the coronary 
artery 

At present, coronary arteriography is per- 
formed for any of several reasons. It is done, 
for the most part, in relatively young patients 
with progressive, refractory or disabling angina 
pectoris for whom surgical therapy is contem- 
plated. Here the presence of focal or isolated 
disease is sometimes considered an indication 
for such treatment. It is used to determine the 
status of the coronary system in individuals 
with obscure chest pain and also is being done 
during the course of cardiac catheterization in 
subjects with valvular or congenital disease. 
In this circumstance angiography adds little 
in time or discomfort to the primary procedure 
and sometimes affords an opportunity for the 
study of the coronary arteries in relatively 
normal hearts. 
role of the coronary system in patients with 
aortic valve disease and angina pectoris. 

The means by which coronary angiography 
was performed in this study is a development 
and extension of the method of vascular intu- 
bation originally described by Seldinger® and 
modified by Odman.’? The procedure was 
redesigned specifically for use in coronary 
opacification by Bellman,' Williams et al.,° in 
this laboratory and at the Beth Israel Hospital 
in Boston. Without surgical exposure, it makes 
possible the intravascular insertion of a catheter 
as large as or even larger than the needle used 
for the puncture. 


It also helps to evaluate the’ 


METHOD 


All patients receive penicillin the evening before 
the procedure and are premedicated with meperidine 
and secobarbital. Following preparation of the 
right inguinal region, local anesthesia is obtained 
with procaine. A short bevel, thin-wall No. 14 
needle with obturator is carefully introduced into the 
femoral artery through a 2 mm. skin incision and the 
stylet removed. A special flexible metal guidef 
is passed through the needle and, with care, up the 
femoral artery to the aortic bifurcation. The needle 
is then removed over the guide which is allowed to 
remain in the artery. A preformed loop-end cathe- 
ter ¢ is straightened out in the hand and threaded over 
the free end of the guide until it reaches the skin. 
The guide is sufficiently longer than the catheter 
so that it extends beyond it and can be grasped 
separately. The guide and the catheter together 
are then advanced until the catheter penetrates 
well into the artery. The catheter, which has 
approximately the same dimensions as the No. 14 
needle, effectively obturates the arterial puncture 
and stops oozing which sometimes occurs around the 


+ The guide resembles a piano string and is fabricated 
of stainless steel wire wound around a central core of 
similar material. It is 125 cm. long and 0.060 inch thick. 
The core is joined at one end to the outer wire by a 
polished silver bead but is 5 cm. shorter than the winding 
at the other end. This leaves a soft, centerless tip also 
sealed with a silver bead. Such guides may be obtained 
from Codman and Shurtleff Co. of Boston, Massachusetts 
and from Cardiosonics, Belmont, Massachusetts. 

t The catheter is of polyethylene tubing having an 
inner diameter of 0.070 inch and an outer diameter of 
0.110 inch. It is commercially available as PE 260 from 
Clay-Adams Co. of New York. One end of the catheter 
is formed over a soft copper wire into a 2.5 cm. loop 
oriented at right angles to the shaft. It is immersed in 
boiling water for one minute and the wire removed after 
cooling. The catheter retains its new form at room and 
body temperatures. The end is slightly constricted by 
stretching and three small holes are drilled in the inferior 
surface of the loop. 


* From the Veterans Administration Hospital, West Roxbury, Massachusetts. 
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TABLE I 
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Summary of Clinical Diagnoses and Angiographic Findings 


reg Clinical Diagnosis Angiographic Findings 
1 38 Duodenal ulcer Normal 
2 47 Rheumatic heart disease, mitral stenosis Normal 
3 39 Rheumatic heart disease, mitral stenosis Unsatisfactory 
a 38 Rheumatic heart disease, mitral stenosis Unsatisfactory 
5 35 Rheumatic heart disease, mitral regurgitation Normal 
6 62 Rheumatic heart disease, mitral stenosis Right coronary artery occluded near 
origin, left normal 
7 42 Rheumatic heart disease, mitral stenosis, mitral Normal 
regurgitation, aortic regurgitation 
8 33 Rheumatic heart disease, mitral stenosis, mitral Normal 
regurgitation, aortic regurgitation 
9 63 Rheumatic heart disease, aortic regurgitation Unsatisfactory 
10 31 Rheumatic heart disease, aortic stenosis Normal 
11 44 Rheumatic heart disease, aortic regurgitation Normal 
12 24 Rheumatic heart disease, mitral stenosis Normal 
13 41 Rheumatic heart disease, mitral stenosis Normal 
14 32 Rheumatic heart disease, mitral regurgitation Tortuous left coronary artery, normal 
right 
15 39. Rheumatic heart disease, aortic regurgitation Normal 
16 52 Arteriosclerotic heart disease, angina pectoris Abnormal; tortuous left coronary artery 
with extensive branching and tortuos- 
ity; minute remnant of right coronary 
artery 
17 36 Arteriosclerotic heart disease, angina pectoris Small tortuous left coronary artery with 
multiple branching 
18 65 Arteriosclerotic heart disease, angina pectoris, Large, tortuous vessels with moth-eaten 
ventricular hypertrophy, congestive failure appearance 
19 65 Arteriosclerotic heart disease, angina pectoris, No filling right coronary artery, left di- 
myocardial infarction lated, tortuous 
20 40 Arteriosclerotic heart disease, myocardial infarc- No filling left coronary artery, right tor- 
tion with ruptured papillary muscle tuous and dilated 
21 53 Arteriosclerotic heart disease, angina pectoris, Localized block in left anterior descend- 
positive exercise tolerance test ing coronary artery 
22 50 Arteriosclerotic heart disease, angina pectoris, old Incomplete block right coronary artery, 
myocardial infarction narrowing and irregularity left 
23 57 Arteriosclerotic heart disease, angina pectoris Unsatisfactory; tachycardia 
24 53 Hypertensive, arteriosclerotic heart disease, failure Unsatisfactory 
25 51 Rheumatic heart disease, aortic stenosis and re- Large right coronary artery, large, tortu- 
gurgitation, congestive failure, angina pectoris ous left, small saccular dilatation 
26 31 Arteriosclerotic heart disease, angina pectoris Small right coronary artery, tortuous left 
27 45 Arteriosclerotic heart disease, positive exercise Normal 
tolerance test, angina pectoris 
28 42 Arteriosclerotic heart disease, angina pectoris Small right tortuous coronary artery, 
moth-eaten left 
29 65 Arteriosclerotic heart disease, myocardial infarc- No filling right coronary artery, tortuous 
tion, angina pectoris; repeat of No. 19 dilated left 
30 57 Arteriosclerotic heart disease, angina pectoris; Unsatisfactory; tachycardia 
repeat of No. 23 
31 49 Rheumatic heart disease, mitral stenosis, arterio- No filling right coronary artery, tortuous 
sclerotic heart disease left 
32 66 Hypertensive, arteriosclerotic heart disease, an- Normal right coronary artery, tortuous 
gina pectoris irregular left 
33 58 Arteriosclerotic heart disease, myocardial infarc- Normal right coronary artery, incom- 
tion, angina pectoris pletely occluded left with branching 
and tortuosity 
34 49 Arteriosclerotic heart disease, myocardial infarc- Normal right coronary artery, left irregu- 
tion, angina pectoris lar with small localized dilatations 
35 34 Arteriosclerotic heart disease, angina pectoris Normal right coronary artery, localized 
block in left anterior descending 
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572 Littmann et al. 
TABLE I 
Summary of Clinical Diagnoses and Angiographic Findings (Continued) 
mg rong Clinical Diagnosis Angiographic Findings 
36 53 Arteriosclerotic heart disease, angina pectoris; Normal right coronary artery, moth- 
repeat of No. 21 eaten left with large collaterals 
37 48 Arteriosclerotic heart disease, angina pectoris, No filling right coronary artery, abnor- 
myocardial infarction mally narrowed tortuous left 
38 47 Rheumatic heart disease, aortic stenosis and re- Large tortuous right and left anterior de- 
gurgitation, angina pectoris scending arteries; patchy opacification 
of left marginal branch, circumflex not 
seen 
39 45 Arteriosclerotic heart disease, old myocardial in- Normal 
farction 
40 42 Carotid artery insufficiency Unsatisfactory, tachycardia 
41 34 Idiopathic cardiac hypertrophy Normal, large vessels 
42 26 Rheumatic heart disease, mitral stenosis Normal 
43 39 Rheumatic heart disease, aortic regurgitation; Normal 
repeat of No. 15 
44 67 Pulmonary emboli, cirrhosis Normal 
45 55 Atrial septal defect, hypertrophy Normal 
46 51 Rheumatic heart disease, aortic stenosis Normal 
47 37 Idiopathic myocardial hypertrophy Large, otherwise normal coronary arteries 
48 49 Rheumatic heart disease, mitral stenosis Normal 
49 52 Rheumatic heart disease, mitral stenosis Normal 
50 48 Rheumatic heart disease, aortic stenosis Normal 
51 38 Pericarditis Normal 
52 37 Idiopathic cardiac hypertrophy, atypical chest pain Normal 
53 51 Osteoarthritis, chest pain Unsatisfactory 
54 54 Atypical chest pain Normal 
55 31 Atypical chest pain Normal 
56 51 Atypical chest pain Nonfilling of right coronary artery, tortu- 
ous left with filling defects 
57 37 Idiopathic hypertrophy, atypical pain; repeat of Normal 
No. 52 
58 36 Pericarditis, atypical chest pain Normal 
59 53 Rheumatic heart disease, aortic stenosis, atypical Right coronary artery normal, left, un- 
chest pain usual branching and tortuosity 
60 46 Atypical chest pain Normal 
metal guide. At this time the guide is withdrawn flask containing 15 mg. of heparin in 1 L. of 5 per 


from the catheter a distance of 3 to 5 cm. and the two 
together advanced a like distance. This is repeated 
several times until only the soft leading end of the 
guide (5 cm. as determined earlier by measurement 
of the catheter against the guide) remains extended 
beyond the catheter. The two are then advanced 
under fluoroscopic guidance up the aorta and over 
the arch to a point where the tip of the guide appears 
at the approximate level of the aortic valve. The 
guide is then completely removed from the catheter 
which is separately advanced another 10 cm. to 
make up for its position 5 cm. back of the guide tip 
and for the shortening which results from reforming 
of the loop.* 

The catheter is connected to an elevated infusion 


* The apparatus is, perhaps, more easily understood 
if the wire guide is pictured as a long flexible replacement 
for the normal needle obturator and the catheter as a 
long atraumatic needle put on over the guide. 


cent glucose solution. Enough height is maintained 
to permit a constant slow drip. ‘The position of 
the loop is checked by fluoroscopy following introduc- 
tion into the catheter of 5 ml. of contrast substance, 
and adjustment made when indicated. A measured 
quantity, generally 30 ml. of the warmed contrast 
material, is then injected and serial x-ray films made 
with appropriate radiographic equipment.t Slow- 
ing of the heart is obtained by bilateral carotid 
compression. 


t Diatrozoate methylglucamine, supplied as Cardio- 
grafin 85 per cent through the kindness of Dr. Milton N. 
Donin of the Squibb Foundation for Medical Research. 

t A Fairchild camera was used capable of making one 
10 by 10 inch picture every 0.6 second. A 200 ma. 100 
Kv portable x-ray apparatus produced adequate P-A 
films at 0.1 second exposures. However, the exposure 
time was much too long and the films too infrequent 
when tachycardia could not be controlled. The penetra- 
tion was inadequate for rapid lateral films. 
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Coronary Angiography 


Fic. 1. Case 1. Normal coronary angiogram in a young 
man without heart disease. Arrow points to the left 
circumflex artery which is not well shown. The other 
vessels on the left side are the left anterior descending 
artery and the left marginal branch. 


Cardiac’ activity is monitored at all times by an 
oscilloscopic electrocardiograph and, though it has 
never been needed, equipment is at readiness for 
ventricular defibrillation and artificial pacemaking. 
At the conclusion of the procedure, the catheter is 
removed and pressure maintained over the puncture 
site for five to fifteen minutes. A sandbag is then 
placed over the dressing for another hour. The 
patient is allowed to walk the same day and is ready 
for release from the hospital the following morning. 


MATERIAL 


When this report was prepared coronary angiog- 
raphy had been accomplished sixty times in fifty- 
five patients (Table 1). All were men between the 
ages of twenty-four and sixty-seven years. It was 
done twice in three patients because of initially 
unsatisfactory results, in one to evaluate the results 
of surgery and in another to assess an improvement in 
symptoms. The catheter could not be advanced 
beyond the aortic bifurcation in several others who 
are not included in this report. « 

Nineteen of the fifty-five patients had disabling 
angina pectoris and were being considered for surgical 
treatment. Nine had chest pain of unknown cause 
and twenty-six patients were studied during the 
course of cardiac catheterization for noncoronary 
heart disease. Several patients having aortic stenosis 
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with angina pectoris were studied in an effort to 
determine whether or not the pain was due to asso- 
ciated coronary disease. All subjects had com- 
plete clinical studies including routine laboratory 
tests and, when resting electrocardiograms were 
normal, exercise tolerance tests. 


RESULTS 


Satisfactory diagnostic roentgenograms were 
obtained in fifty-two of the sixty attempts 
(Table 1). Inadequate opacification occurred 
eight times in seven patients. In one patient 
with free aortic regurgitation (Case 9), turbu- 
lence at the root of the aorta apparently pre- 
vented adequate concentration of the opaque 
material. All other failures were attributed 
to tachycardia which could not be controlled 
by carotid artery compression. The best 
results occurred in those instances in which 
three to six second asystole was effected. 

A few normal angiograms were obtained in 
patients with valvular heart disease without 
significant hypertrophy and in occasional sub- 
jects with chest pain later proved to be of non- 
coronary origin. These were used as a basis 
for comparison. 


ABNORMAL FINDINGS 


Deviations from normal included the fol- 
lowing: (1) Nonfilling of a major vessel on 
repeated injections despite good opacification 
of the corresponding coronary sinus; (2) 
localized obstruction distal to the coronary 
ostia; (3) spotty, moth-eaten appearance of the 
opacified vessels, small filling defects; (4) 
tortuosity, twigging or branching and multipli- 
cation; (5) localized dilatations with inter- 
vening constrictions having the appearance of 
ectasia or aneurysm formation; (6) apparent 
recanalization; (7) combinations of these 
abnormalities and (8) enlargement of the coro- 
nary bed in ventricular hypertrophy with or 
without tortuosity. 

There were two other apparently physiologic 
but totally unexpected findings of uncertain 
validity. The left coronary system regularly 
opacified before the right except in the presence 
of left vessel disease. One patient in four with- 
out the clinical findings of aortic incompetence 
exhibited contrast substance in the left ventricle 
implying aortic valve regurgitation. 

Filling Defects: ‘The normal coronary tree is 
rather simple, with small, relatively straight 
vessels and a few visible branchings (Fig. 1). 
Of the abnormalities, total nonfilling of a major 
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trunk (always the right) has been the most 
unsatisfactory and difficult to assess single 
finding (Fig. 2). We suspect that this lack of 
opacification often may be technical rather than 
organic and have not accepted this as evidence 
of coronary disease unless the vessel failed to 
appear on repeated injections despite good 
filling of the corresponding coronary sinus. 
In any event, it was not accepted as indubitable 
evidence of disease in the absence of associated 
abnormalities of the visible vessels. These were 
generally large (very rarely small), tortuous 
and exhibited many branches and twigs, some- 
times to an extraordinary degree (Fig. 3). 
Obstructions beyond the ostia appeared on suc- 


Fic. 2. Case 12. A twenty-four year old white man with  C€Ssive injections and generally were complete 
mitral valve disease. The loop of the catheter is in the (Figs. 4 and 9). In some instances, however, 
left ventricle which is well opacified. Note the excellent persistent remnants of varying dimensions 
filling of the left coronary artery. The right coronary . 

artery does not fill. It did opacify, however, several could be seen (Figs. 5 and 6). 

frames later. Localized Narrowing and Dilatation, Filling 


3 4 


Fic. 3. Case 33. Ai fifty-eight year old man with disabling angina pectoris. Arrow points to an area of local nar- 
rowing. The left anterior descending artery is well filled beyond this, but is very tortuous and exhibits numerous small 
vessels emanating from it. There is a curious stirrup-shaped vessel leaving the main left coronary artery which may 
be a remnant of the circumflex artery. The right coronary artery is not well seen in this roentgenogram, but was well 
visualized several frames later. Note contrast material in the left ventricle. The obstruction was confirmed at opera- 
tion but could not be resected. A fibrous cord was all that remained of the left circumflex artery. 


Fic. 4. Case 35. A thirty-four year old man with increasing angina pectoris. The arrow points to the occluded left 
anterior descending artery. This was confirmed at operation and endarterectomy was performed. 
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Coronary Angiography 


Fic. 5. Case 17. A thirty-six year old man with severe 
angina pectoris on effort. The large arrow points to 
what is believed to be an incomplete occlusion of the 
main left coronary artery. There is a tiny remnant of 
the left circumflex (small arrow) and several small 
channels representing channels or recanalization of the 
left anterior descending and marginal branches. There 
is a huge right coronary arterv with extensive and 
tortuous branchings reaching to the apex. 


Defects: Still other abnormalities resembled 
those seen in peripheral arterial disease else- 
where in the body. They included the patchy, 
moth-eaten appearance of sclerotic, partially 
occluded arteries (Fig. 7). Localized narrowing 
and filling defects were seen, generally in the 
left coronary artery and characteristically just 
proximal to or at the orifice of the circumflex 
artery (Fig. 3). Several studies showed spheri- 
cal areas separated by narrower bands having 
the appearance of localized dilatations (Fig. 
8A). One saccular dilatation also was seen 
(Fig. 8B). In cardiac hypertrophy the vascular 
bed was large and tortuous (Fig. 9). 
Recanalization and Collateral Vessels: Examples 
were noted of what almost certainly was re- 
canalization of occluded vessels or the develop- 
ment of collaterals. Occasionally, many mi- 
nute arteries could be seen emanating from 
such diseased vessels. One patient on whom 
serial studies were performed showed the 
presence of such channels arising from an 
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Fic. 6. Case 16. A fifty-two year old man with severe 
angina pectoris. The arrow points to a minute figure- 
of-eight remnant of the right coronary artery. The main 
left artery and all its branches are large and tortuous. 


occluded area in the left anterior descending 
coronary artery where none was present seven 
months earlier (Fig. 10). 

Asynchronous Coronary Filling and Aortic Re- 
gurgitation: The observation of asynchronous 
coronary filling (Fig. 2) and apparent aortic 
regurgitation (Figs. 3, 7 and 10) may be facti- 
tious and related somehow to the technic. 
There is no physiologic reason known to us 
why the left coronary artery should fill before 
the right and no theory is offered in explana- 
tion. Aortic incompetence, however, may well 
be present normally in that period of systole 
just prior to valve closure and would not, there- 
fore, produce a murmur in diastole. Accord- 
ingly, when contrast substance is adminis- 
tered, a small quantity would appear in the 
ventricle. This phenomenon was not encoun- 
tered more often in patients with nonaortic 
valvular disease than in those without any 
valvular abnormalities. The method used was 
not sufficiently precise to determine the exact 
moment of regurgitation within the cardiac 
cycle. 


CORRELATION OF ARTERIOGRAMS AND CLINICAL 
FINDINGS 

When, over a thirteen month period, sixty 
studies had been made, the collected but 
unidentified arteriograms were separately con- 
sidered and the interpretations compared with 
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Fic. 7. Case 38. A forty-seven year old man with aortic 
stenosis and insufficiency and with disabling angina pec- 
toris. The arrow points to patchy opacification of the 
left marginal branch which terminates in a filamentous 
channel. The circumflex vessel cannot be identified. 
The right coronary and the left anterior descending 
arteries are large and tortuous. 


the known clinical patterns. It was impossible 
to be unaware completely of the identity of 
some of the cases since certain distinctive 
findings could be recalled. In these instances, 
however, interpretation was made solely ac- 
cording to the already established criteria, 
mentioned previously, and as objectively as 
possible. 

Except for two patients with apparently 
normal angiograms (Cases 27 and 39), signifi- 
cant abnormalities were seen in all patients 
with clinical coronary heart disease. Almost 
all subjects with valvular or congenital defects 
and those whose chest pain was due to non- 
cardiac causes exhibited normal vascular pat- 
terns. Three relatively elderly patients with- 
out symptoms of coronary disease showed 
vascular abnormalities. No correlation was 
apparent in this limited study between the 
type of coronary abnormality and the character 
of the symptoms. 

Normal Arteriogram in Clinical Coronary Disease: 
The two patients with clinical coronary disease 
and apparently normal coronary arteriograms 
deserve separate consideration. One is a 
patient with angina pectoris and a positive 
exercise tolerance test (Case 27). The symptom 
is of one year duration and there has been 
no clinical episode suggesting an acute occlusion 


Fic. 8. Dilatations of coronary vessels. A, Case 25. A fifty-one year old man with 


aortic stenosis and angina pectoris. 


Arrow points to a saccular dilatation of the left 


circumflex artery shortly beyond its origin. B, Case 34. A forty-nine year old man with 
disabling angina pectoris. Arrow points to fusiform dilatations of the main left coronary 
artery and its unidentified branches. Threadlike vessels are visible distal to the dilated area. 
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or myocardial infarction. The second patient 
(Case 39) is forty-five years old and ex- 
perienced an unequivocal myocardial infarc- 
tion sixteen months earlier. However, he has 
no angina pectoris at this time and a negative 
exercise tolerance test. 

It is possible in these patients that better tech- 
nic might have demonstrated small vessel dis- 
ease which was not apparent by the method em- 
ployed. If true, however, this would have been 
in total contrast to the other patients in whom 
large vessel disease was the rule. It appears 
most unlikely that complete, smooth recanaliza- 
tion could have occurred together with res- 
toration of normal appearance. Moreover, 
it must be noted that the first of these patients 
still experiences angina pectoris. This dis- 
cussion cannot further be continued in the light 
of our limited present knowledge but must 
await a wider experience with coronary exami- 
nation in live subjects. 

Surgical Correlations: Seven patients in this 
series (Cases 20, 23, 26, 28, 29, 33 and 35) 
were operated upon (by Dr. Richard Warren), 
one (Case 20) for repair of a ruptured papillary 
muscle and the ‘others for relief of angina pec- 
toris. In the six instances in which adequate 
films were obtained, the preoperative angio- 


Fic. 9. Case 18. A sixty-five year old man with aortic 
pseudostenosis, gross cardiac hypertrophy, angina pec- 
toris and congestive failure. Note large tortuous chan- 
nels without apparent obstructive changes. 


Fic. 10. Development of collateral vessels. A, Case 21. 


Same patient seven months later (Case 36). 
point of obstruction. 
ventricle. 
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A fifty-two year old man with severe 
angina pectoris. Arrow points to localized obstruction of the left anterior descending artery. B, 


Note large channels (arrow) emanating from the 
Patient clinically was much improved. Note also opacification of the left 
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graphic diagnosis was confirmed entirely (Figs. 
3 and 4). Endarterectomy was performed in 
two patients in whom this was possible, phenol- 
ization and poudrage in the others. The 
patient in Case 20 did not survive the procedure 
and another (Case 33) died of an acute myo- 
cardial infarction eight months after operation. 
In both instances the autopsy findings agreed 
with the coronary angiograms. 


MORBIDITY 


Coronary angiography was without mortality 
in the sixty procedures described in this study. 
There were no important reactions to the con- 
trast substance. Most patients experienced a 
characteristic descending flush or sensation of 
heat. Six subjects had nausea and three of these 
vomited. None had an anaphylactic reaction. 
No patient experienced angina pectoris during 
the procedure though  electrocardiographic 
changes involving the S-T segment and the T 
wave were seen occasionally. A nonfatal myo- 
cardial infarction did, however, occur at another 
hospital in which a modification of this technic 
was employed. It is believed that a clot formed 
near the end of the catheter and was washed into 
a coronary artery with the injection. This 
patient is not included in the present report. 

Local Vascular Complications: Morbidity did 
occur as a consequence of the large needle 
puncture and passage of the wire guide. Peri- 
vascular hematomas formed in six patients and 
once (early in our experience) a large retro- 
peritoneal hemorrhage occurred which re- 
quired surgical intervention. This almost cer- 
tainly was due to injudicious passage of the 
wire guide which, soft though it was, penetrated 


the aorta at a sclerotic plaque, and to an excess . 


of heparin (50 mg.) in the arterial drip. Noth- 
ing remotely like this has occurred in the 
last fifty patients. On two occasions knots 
formed in catheters with overlong loops and re- 
quired surgical exposure of the vessel before they 
could be removed. Occasionally, passage of the 
catheter beyond the aortic bifurcation was 
impossible in patients with sclerotic and tor- 
tuous vessels. Two such patients subsequently 
experienced thrombosis of the femoral artery. 
In neither instance, however, was surgical inter- 
vention necessary. 


COMMENT 


A diagnostic procedure to be useful, must 
yield important information not easily attained 
by simpler means, have little or no patient 


morbidity and should not be difficult to perform. 
Coronary arteriography, as done in this study, 
fulfills most of these requirements. The method 
described is not difficult and is quickly accom- 
plished with a minimum of exposure to radiant 
energy.* It is likely that better results will 
follow the use of more precise injection devices, 
more powerful x-ray equipment and faster 
cameras than were used in this study. Cine- 
fluorography can be expected to contribute 
more information regarding coronary dynamics. 
However, fine anatomic details are less well 
shown by thismethod. The morbidity is not pro- 
hibitive and should diminish, as it has in our 
hands, with increasing experience. 

Coronary angiography appears, at present, 
to be most useful in determining the presence of 
localized, possibly resectable, disease in the 
major coronary branches. It seems unlikely, 
at this time, that coronary artery surgery is 
feasible in aged patients and in those with 
multiple infarctions or other evidence of ex- 
tensive disease. Accordingly, arteriography has 
not been done in such cases and no studies are 
available for comparison. Except for this 
group, the results obtained in patients with clini- 
cal coronary insufficiency suggest that it is 
almost always the result of vascular changes 
of a type and degree which can be demon- 
strated by angiography. Coronary arteriog- 
raphy has also been of value in determining 
the cause of obscure chest pain. 


SUMMARY AND CONCLUSIONS 


Coronary angiography, though still an exact- 
ing procedure requiring complicated and cum- 
bersome apparatus, has attained the stature of a 
practical examination. It is a relatively in- 
nocuous and atraumatic test. It is now done to 
help select patients for surgical treatment of 
angina pectoris and occasionally to determine 
the presence of arteriosclerotic heart disease 
in patients with chest pain of uncertain origin. 

Enough examinations have been performed 
so that presumably normal coronary patterns 
can be recognized and used as a basis for com- 
parison. 

Abnormalities include total vascular obstruc- 
tions, patchy opacification, filling defects, tor- 
tuosity and multiplication with, rarely, aneurys- 
mal dilatations of diseased vessels. 

Unexpected and possibly factitious observa- 
tions suggest that the left coronary artery fills 


* Fluoroscopy time is brief, rarely lasts more than two 
minutes and often is complete in one-half to one minute. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


‘ 
¢ 
Cates 

aye 
| 
{ 
| 
{ 
| 
A | 
| 
pas 


Coronary Angiography 579 


before the right and that one individual in four 
has nonclinical incompetence of the aortic 
valve. 

Excellent angiographic correlation with the 
clinical pattern was noted both in the presence 
and in the absence of clinical coronary heart 
disease. Two patients, however, with clinical 
arteriosclerotic heart disease exhibited ap- 
parently normal coronary arteries. One pa- 
tient showed unmistakable evidence of recanali- 
zation of an obstructed vessel or growth of large 
collaterals where none was present seven months 
earlier. 

Angiographic diagnoses have, thus far, been 
confirmed in six patients whe came to surgical 
exploration. 
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A Modification of the Technic of Transseptal 
Left Heart Catheterization 


RIcHARD GORLIN, M.D., F.A.c.c., NORMAN KRASNOW, M.D., HERBERT J. LEVINE, M.D., 
WituiaM A. NEILL, M.D., RICHARD J. WAGMAN, M.D. and JosEPH V. MESSER, M.D. 


Boston, Massachusetts 


i bm INTRODUCTION OF the Ross-Braunwald 
technic for left heart catheterization rep- 
resented a major advance in achieving safe 
access to the left side of the heart.'? Their 
method as originally proposed consisted of 
isolation of a superficial saphenous vein, pas- 
sage of a No. 9 aortographic catheter to the right 
atrium and insertion therein of a No. 17 hollow 
needle with a specially curved tip, 1 cm. longer 
than the catheter. The catheter tip was en- 
gaged on the inferior medial wall of the atrial 
septum, the region of the fossa ovalis, and the 
needle advanced sharply at a pre-set negative 
45 degree angle to a horizontal plane. A poly- 
ethylene catheter was threaded through this 
and the left ventricle catheterized blindly. 
Modification of Technic: Subsequent to the in- 
advertent passage of the original No. 9 catheter 
through the valve of a foramen ovale, experi- 
ence has accumulated utilizing deliberate in- 
troduction of the No. 9 catheter into the left 
atrium. To accomplish this, firm pressure is 
maintained on the catheter-needle junction and 
the two pushed forward in the original plane. 


A “give”’ is felt which indicates that the catheter’ 


has penetrated the wall and is free in the left 
atrium. This maneuver has been performed 
successfully in fifteen patients without incident 
or evidence of left to right shunt. After the 
catheter is in the left atrium the needle may be 
withdrawn. The No. 9 catheter may now ex- 
plore the left atrium and left ventricle or a 
No. 5 catheter can be threaded through the 
No. 9 and exploration carried out. Recently, 
Brockenbrough and Braunwald* reported a 
similar modification, but employing a specially 
tapered catheter tip to facilitate transseptal 
passage. 


Advantages of Method: The major advantages 
to this maneuver are the following: 

1. The removal of the unyielding, sharp 
pointed needle. This has the advantage of 
safety and freedom of movement by the patient. 
Standard leg exercise can be performed now, 
the flexible catheter being led off to one side 
and the thigh readily flexed. 

2. Controlled fluoroscopic exploration of the 
left atrium. This has permitted cannulation of 
the pulmonary veins and more ready passage 
through the mitral valve into the left ventricle. 
The larger, somewhat stiffer catheter has a 
major advantage over the polyethylene catheter 
in not being so easily deflected by large re- 
gurgitant jets. 

3. Left atrial angiography can be success- 
fully performed through the large aortographic 
catheter. 


SUMMARY 


A minor but important addition to the Ross- 
Braunwald technic of transseptal left heart 
catheterization is the passage of the initial 
large catheter over the puncturing needle 
directly into the left atrium. There appear 
to be no hazards and certain distinct advantages 
to this maneuver. 
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Clinical Case Conference 


A Case of Congenital Heart Disease 


ROCEEDINGS of weekly Case Conference, conducted by Benjamin M. Gasul, m.p., 
Director, and edited by Bessie L. Lendrum, m.p., Associate Director, of the Pediatric 
Cardiophysiology Department, Cook County Children’s Hospital and Hektoen Institute 
for Medical Research, Chicago, Illinois. Only physicians, including the moderator, 
who have not seen any of the diagnostic work-up participated in the Conference. 


History AND PuysICAL EXAMINATION 


Resident: This Negro child, three years and 
two months of age, has been followed in our 
cardiac clinic since the age of four months 
because of a murmur detected at birth. He was 
admitted to Cook County Hospital for cardiac 
investigation in July, 1960. His mother states 
that he has been asymptomatic except for 
frequent respiratory infections and possible 
shortness of breath on exertion. His develop- 
ment was normal. His present blood pressure 
is 104/64 in the upper and 138/78 mm. Hg in 
the lower extremities. His hemoglobin is 11.5 
gm. per cent and the urinalysis is negative. 

The following are the diagnoses made by the 
house staff and attending physicians, together 
with the physical findings upon which these 
diagnoses were based: 


1. Isolated pulmonary stenosis (first year fellow) : 
Slightly enlarged heart; thrill and grade 5 
(scale 1—6) ejection murmur in the second 
and third left intercostal spaces para- 
sternally; single or closely split second 
heart sound. 
Ventricular septal defect with pulmonary hyper- 
tension (second year fellow): Pansystolic 
grade 5 murmur heard along the left 
sternal border; second heart sound ac- 
centuated, possibly narrowly split; heart 
active and markedly enlarged. 
Subaortic stenosis or interatrial septal defect 
(first year fellow): Thrill in first intercostal 
space parasternally; grade 4—5 pansystolic 
murmur in second intercostal space para- 
sternally; second heart sound decreased 
in intensity and narrowly split. 
. Coarctation of the pulmonary artery branches 
(first year fellow): Enlarged heart; diffuse 
thrill in pulmonic, aortic and infracla- 
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vicular regions; second heart sound nor- 

mally split with accentuation of the second 

component. 
. Ventricular septal defect complicated by a patent 
ductus arteriosus (second year fellow): Thrill 
and grade 4 pansystolic murmur at lower 
left sternal border; a thrill and grade 5 
pansystolic murmur in left sternoclavicular 
area radiating to the neck; normal 
second heart sound which is closely split. 
Acyanotic tetralogy of Fallot (second year 
fellow): Enlarged left ventricle; thrill 
and pansystolic murmur at apex; ejection 
systolic murmur in the pulmonary area. 
Acyanotic tetralogy of Fallot (attending 
cardiologist): Mild parasternal lift to- 
gether with forceful apical impulse suggest- 
ing right and left ventricular enlargement; 
thrill well felt parasternally in second and 
also fourth intercostal spaces. parasternally ; 
pansystolic murmur at left lower sternal 
edge and apex assuming an ejection 
character in the pulmonary area; second 
heart sound probably split with a soft 
pulmonic closure. 


Dr. Gasul: We have heard various diagnoses 
on this patient, including acyanotic tetralogy of 
Fallot, isolated pulmonic stenosis, ventricular 
septal defect, atrial septal defect, aortic stenosis, 
coarctation of the pulmonary arteries and the 
possibility of a patent ductus arteriosus. This 
Negro child does not appear to be cyanotic. 
We all know, however, that even a white child 
may have 70 to 75 per cent arterial oxygen 
saturation and at times still not show definite 
cyanosis, particularly in the presence of anemia. 
Let us assume the arterial oxygen saturation is 
normal. The cardiac apex is, it seems to me, 
in the fifth interspace just to the left of the 
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Fic. 1. Phonocardiogram. Note the wide splitting of the second sound, the accentuated 
pulmonic closure (P) and the diamond-shaped systolic murmur (SM) which starts shortly 
after the first sound (S,) and extends through the aortic closure (A). 


midclavicular line. I do not think there is 
marked cardiac enlargement; but since I feel 
a mild lower parasternal lift, there appears to 
be some right ventricular enlargement. I am 
very much impressed with the systolic thrill. 
It is most prominent over the first and second 
left interspaces but I can also feel it to a lesser 
extent over the third and fourth. The second 
sound in the pulmonary area is accentuated 
and very closely split or single. The systolic 
murmur is very loud, grade 4-5 in the same. 
area as the thrill. These findings strongly 
suggest pulmonic stenosis and the diagnosis, 
it seems to me, lies between acyanotic tetralogy 
of Fallot and isolated pulmonic valvular stenosis. 
Against an isolated pulmonic valvular stenosis 
is the fact that I cannot hear the closure of the 
pulmonic valve which should be heard faintly 
even in severe stenosis. If the second sound is 
single, it would speak more strongly for tetralogy 
of Fallot. It is most important to make sure 
whether the pulmonic closure is present and 
faint or whether the second sound is single. 
The phonocardiogram is very helpful in deter- 
mining this. I find no evidence of a patent 
ductus arteriosus since the murmur is entirely 
systolic, has no diastolic component and there is 


no evidence of marked pulmonary hypertension. 
Atrial septal defect alone would not cause a 
thrill and such a loud murmur and would have 
a widely split and fixed S2. The location of the 
murmur and the thrill are not those of aortic 
stenosis. Isolated coarctation of a peripheral 
branch of the pulmonary artery is unlikely 
because the heart is enlarged and the patient 
is symptomatic. It is possible that after looking 
at the x-ray films and electrocardiogram we 
shall be able to say more about the diagnosis. 

Question: Which chamber would you say is 
enlarged? Lada 

Dr. Gasul: I would say the right ventricle 
since the child has a lower parasternal lift. 

Question: May I ask what you thought about 
the second component of the second sound; 
did you believe that if it is split, the second 
component is loud? 

Dr. Gasul: No, I believe that the second 
sound is loud and either closely split or single; 
in other words, it is my impression that we are 
listening to the aortic closure here. If this is so, 
this would be a case of tetralogy of Fallot in 
which the second sound is usually single; but 
there are some cases of tetralogy of Fallot, 
particularly of the acyanotic type, in which the 
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delayed closure of the pulmonic valve may be 
heard or, if not heard, recorded on the phono- 
cardiogram. It is my opinion that this patient 
has pulmonic stenosis, but whether he has a 
ventricular septal defect with it, I am not sure. 
The combination of pulmonic stenosis and 
ventricular septal defect is considered an 
acyanotic form of tetralogy of Fallot although 
there is a difference of opinion. Some authori- 
ties maintain that this combination should not 
necessarily be considered a case of tetralogy 
of Fallot if there is no arterial oxygen unsatura- 
tion. 

Question: Could this be an atrial septal defect 
and pulmonic stenosis? 

Dr. Gasul: Uf it is, I do not see how one can 
make the diagnosis on physical examination 
alone. An ejection systolic murmur is found in 
both lesions; that found in atrial septal defect is 
soft and rarely louder than grade 3; therefore, 
the harsh loud murmur of pulmonic stenosis 
would mask it. If pulmonary stenosis is severe, 
there may be a sizeable right to left shunt at the 
atrial level, the patient will then be cyanotic 
and the x-ray film will show diminished pul- 
monary vascular markings. If the shunt is 
left to right, however, the patient will not be 
cyanotic and one would expect increased 
pulmonary vascular markings on the x-ray 
film of the chest. A split second sound is 
present in both lesions; the splitting is usually 
wide and fixed in atrial septal defect. In 
moderate or severe pulmonic stenosis the split- 
ting is even wider but the pulmonic component 
is faint or rarely, in extreme cases, not even 
audible. In mild stenosis the pulmonic com- 
ponent may be normal or loud but not fixed. 
Incomplete right bundle branch block is charac- 
teristic of an atrial septal defect but is also 
frequently found in mild or moderate pul- 
monary stenosis. Thus, on clinical grounds, it 
is often impossible to detect an atrial septal 
defect in the presence of pulmonic stenosis. 


PHONOCARDIOGRAM 


Dr. Gasul: The phonocardiogram (Fig. 1) 
shows at the apex a systolic murmur which 


does not appear to be a typical holosystolic . 


murmur even though it lasts throughout most of 
systole, because it has a diamond shape, starts 
after the first heart sound and ends at the 
second sound. Also recorded at the apex is a 
consistently seen fairly loud third heart sound 
occurring about 0.13 second after the second 
aortic sound. This is of greater intensity than 
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the usual S, often recorded in children. Over 
the fourth left interspace parasternally, the 
murmur is of greater intensity than at the apex, 
but of the same characteristics. The murmur 
is even more intense in the pulmonic area and 
may be described there, too, as having a classical 
ejection or diamond shape and lasting through 
most of systole. A second sound of good 
intensity is seen immediately after the murmur 
ends. The murmur is distinctly less intense in 
the aortic area. The two components of S» 
are not evident in the pulmonary area. Whether 
the S2 on the phonocardiogram recorded in the 
pulmonary area represents the aortic or pul- 
monic valve closure is not at once apparent. 
If it represents the aortic closure, we must 
conclude that the pulmonic closure is faint and 
may not be recorded, as in tetralogy of Fallot 
or severe pulmonic stenosis. On the other 
hand, the aortic closure sound, which normally 
occurs before the pulmonic closure, may be 
incorporated into the murmur; then the re- 
corded S»2 represents the pulmonic valve closure. 
To identify the aortic component, we first 
identify it at the apex and time it with respect 
to the QRS of the simultaneously recorded 
electrocardiogram. Using the Q-S2 interval 
thus obtained to identify the aortic closure time, 
we can decide whether the S2 recorded in the 
pulmonic area represents aortic or pulmonic 
closure. 

Question: Is the pulmonic closure ever re- 
corded at the apex and could it therefore be 
confused with the aortic closure? 

Dr. Gasul: Normally, the pulmonic closure is 
not heard at the apex. If pulmonary hyper- 
tension is present and the pulmonic closure is 
abnormally loud, it may be recorded at the 
apex; or if the right ventricle is grossly dilated 
and forms the apex, the pulmonic sound may be 
heard there. In this patient, timing the sounds 
in the manner outlined identifies S2 in the 
pulmonic area as due to the pulmonic valve 
closure, and the aortic closure is buried within 
the murmur. Thus measured, the second heart 
sound appears to be widely split, up to 0.08 
second, varying with respiration and, what is 
more surprising, the pulmonic closure is not of 
diminished intensity as would be expected in all 
but the mildest instances of pulmonic valvular 
stenosis. The intensity of this sound suggests 
that the pulmonary arterial blood pressure is 
normal or even above normal, which is a most 
unusual finding in both pulmonic valvular 
stenosis or in tetralogy of Fallot. 
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Fic. 2A. Chest roentgenogram. Posteroanterior view 
showing increased transverse diameter of the heart and 
increased pulmonary vascular markings. 


CuEest ROENTGENOGRAMS 


Dr. Gasul: Let us see what the x-ray films 
show (Fig. 2). The heart is enlarged. There 
is definite evidence of right ventricular and left 
atrial enlargement, and probably left ventric- 


ular enlargement as well. The pulmonary 
vascular markings appear to be increased and 
not diminished. These findings are compatible 
with a left to right shunt at the ventricular 
level and would exclude the presence of severe 
pulmonic valvular stenosis as an isolated lesion. 
These x-ray findings can, however, be explained 
by the combined lesions of ventricular septal 
defect with left to right shunt and pulmonic 
stenosis. 

First year fellow: The vascular markings, to 
me, appear normal to diminished. 

Dr. Gasul: I know how difficult it is, at times, 
to be certain from conventional x-ray films 
whether the vascular blood flow is normal, 
diminished or increased, and we have often 
been wrong in predicting pulmonary blood 
flows from x-ray examination. Still, to me, 
these appear definitely increased. 


ELECTROCARDIOGRAM 


Dr. Gasul: The electrocardiogram (Fig. 3) at 
four months of age shows an axis deviation of 
plus 60° and a vertical electrical position of the 
heart. The R wave in aVF measures 24 mm. 
in height which, together with the axis at this 
age, suggests left ventricular hypertrophy. The 


B 


Cc 


Fic. 2B and C. Chest roentgenograms. B, right anterior oblique view demonstrating posterior displacement of the 


esophagus. 
posterior border to clear the spine. 


C, left anterior oblique view showing increased convexity of the anterior: cardiac border and failure of the 
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Fic. 3. Electrocardiograms. A, tracing at four months shows frontal QRS axis of +60°, qR complexes in V, through 
V, and upright T waves in the right precordial leads. B, tracing at three years shows frontal QRS axis of +90°, tall 
QRS complexes in leads m1 and aVF, RS pattern in the left precordial leads and upright T in the right precordial 


leads. 


upward T waves in V, and V;R, however, in 
the absence of inverted T waves in the left 
precordial leads, are definite evidences of right 
ventricular hypertrophy even in the absence of 
tall R waves in the right and prominent S 
waves in the left precordial leads. At three 
years of age, however, the electrical axis is plus 
90° and the R wave in leads aVF, u and wm 
are tall, measuring 27, 24 and 33 mm., re- 
spectively, denoting left ventricular hypertrophy. 
The T waves in V;R and V;, are still upright, 
denoting right ventricular hypertrophy. Thus, 
the electrocardiogram presents evidence of 
biventricular hypertrophy. I think we must 
consider the diagnosis of ‘pulmonic valvular 
stenosis along with ventricular septal defect, 
that is, acyanotic tetralogy of Fallot, as more 
likely than isolated pulmonic valvular stenosis. 
If there is no further discussion, may we have the 
cardiac catheterization findings. 
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CATHETERIZATION FINDINGS 


Resident: The catheter entered no unusual 
sites. The blood oxygen content of the superior 
vena cava, right atrium and right ventricle do 
not vary significantly (Table 1). There is, 
however, a significant rise in blood oxygen 
saturation in the main pulmonary artery and 
both branches. Thus, there is a left to right 
shunt at the pulmonary arterial level due to a 
patent ductus arteriosus, or at a high ventricular 
level due to a ventricular septal defect. Not 
infrequently, in high ventricular septal defects 
streamline flow results in no detectable increase 
in the right ventricular blood oxygen. The 
systemic arterial samples (aorta) were 90 per 
cent saturated. This could represent a right 
to left shunt or could be due to mild respira- 
tory depression and hypoxia caused by the 
sedation used during catheterization. The 
right ventricular systolic pressure was at the 
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TABLE I 
Cardiac Catheterization Data 


Catheter Site Blood Oxygen 


Pressures (mm. Hg) 


Saturation (%) 
7 Systolic Diastolic Mean 
Inferior vena cava 75 
75 
75 
Supervior vena cava 
high 65.5 
low 65.5 
low 65.5 
Right atrium 
high 65.2 
mid 66.5, 65.2 3 
low 66.5 
Right ventricle 61, 61 
outflow 65.5 100 0-6 
mid 65.5 120 0-6 
inflow 68.5 
Main pulmonary artery 77 45 10 24 
Right pulmonary artery 75 
75 
Left pulmonary artery 77 45 10 
Right pulmonary artery wedge 8.5 
Aorta 89 110 50 80 
90 120 55 


systemic level, and a systolic pressure gradient 
across the pulmonic valve of at least 65 mm. 
Hg is found, establishing the presence of pul- 
monic stenosis. Surprisingly, there is an ele- 
vated pressure in the pulmonary artery where 
the systolic level was 45 mm. Hg. In con- 
clusion, cardiac catheterization establishes the 
presence of pulmonic stenosis and either ven- 
tricular septal defect or patent ductus arteriosus 
with a significant left to right shunt. A small 
right to left shunt cannot be ruled out. 

Dr. Gasul: These catheterization data con- 
firm the clinical impression that pulmonic 
stenosis is present. They also explain the 
surprisingly loud S2 (pulmonic closure) re- 
corded in the pulmonary region on the phono- 


cardiogram, since the pulmonary arterial pres- 
sure is higher than normal. The increased 
pulmonary vascular markings on the x-ray 
film are also explained by the presence of the left 
to right shunt. The rise in oxygen content of 
the blood at the pulmonary arterial level must 
be due to a ventricular septal defect and not to 
patent ductus arteriosus inasmuch as the usual 
continuous murmur of patent ductus arteriosus 
is not present, a murmur we expect to hear as 
long as the pressure in the pulmonary artery 
is not markedly elevated. This demonstrates 
that at least in this instance the auscultatory 
findings are more important in establishing the 
site of a left to right shunt than is cardiac 
catheterization. 
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A 


Fic. 4. Angiocardiograms. Contrast substance injected into the right atrium (RA). A, lateral view. Note dilated 
right ventricle (RV), pulmonary valvular stenosis (arrow), and poststenotic dilatation of the pulmonary trunk (PA). 
B, posteroanterior view. Note absence of early opacification of the aorta. The pulmonary trunk (PA) is dilated. 


ANGIOCARDIOGRAPHY 


Resident: Selective angiocardiography with 
dye injection into the right atrium (Fig. 4) 
shows no evidence of early opacification of the 
aorta, which is not visualized until the dye has 
passed through the left ventricle. Also present 
are typical findings of pulmonic valvular stenosis 
clearly visualizing the thickened stenotic valve 
and the poststenotic dilatation of the pulmonary 
artery. Selective angiocardiography with in- 
jection into the right ventricular outflow tract 
(Fig. 5) shows early opacification of the aorta. 
It is well known that when the pressure in the 
right ventricle is high, injection into the right 
ventricle can raise the pressure sufficiently to 
cause a right to left shunt through a ventricular 
septal defect; whereas if normal or moderately 
elevated right ventricular pressures are present, 
right ventricular outflow tract injection fails to 
produce a right to left shunt through that 
septal defect. There is no evidence of patent 
ductus arteriosus on the angiocardiograms. 

Dr. Gasul: This has been a most interesting 


Fic. 5. Selective angiocardiogram with injection of the con- 
: , rae > trast substance into the right ventricle (RV). Note 
and instructive case study. It is interesting immediate opacification of the aorta (Ao.) simulta- 
that clinical findings alone led us so close to an neously with the pulmonary arteries (PA). 
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accurate diagnosis. The phonocardiogram in 
this case was of great value. It demonstrated 
that what appeared to us on auscultation to be a 
loud second sound in the pulmonary area 
representing the aortic closure was in actuality 
a loud pulmonic closure, and that the aortic 
closure was buried in the loud murmur. Thus, 
the conventional readily available methods 
which require no hospitalization and no tech- 
nically difficult procedures did establish the 
diagnosis. The findings on physical examina- 
tion lead to the diagnosis of pulmonary valvular 
stenosis, but the x-ray films, demonstrating 
increased pulmonary blood flow, and _ the 
electrocardiogram suggesting right and left 
ventricular hypertrophy, pointed to a diag- 
nosis of ventricular septal defect and pulmonary 
stenosis, ¢.g., acyanotic tetralogy of Fallot. 
Cardiac catheterization revealed the presence 
of pulmonary stenosis and a left to right shunt 
either at the ventricular or pulmonary level 
but the selective angiocardiogram into the right 
ventricular outflow tract established the pres- 
ence of a ventricular septal defect. Although 
the diagnosis was established on clinical grounds 
alone, the presence of mild pulmonary arterial 
hypertension, causing the comparatively loud, 
and therefore, unusual closure of the pulmonic 


Milton Weinberg, Jr. 


valve over the second left interspace, puzzled us 
greatly. 


OPERATIVE FINDINGS 


Fifteen days after the conference the child 
was placed on a pump oxygenator and at 
cardiotomy a ventricular septal defect, 25 mm. 
in diameter, was found and repaired by Dr. 
The defect was in an 
unusual location in the anterior superior 
portion of the ventricular septum where the 
crista supraventricularis is usually found. The 
pulmonary valves were greatly thickened, with 
some fusion of adjacent cusps, although the 
orifice permitted the passage of a finger with 
ease. The pulmonic valve ring appeared 
distinctly narrower than the adjacent pulmonary 
artery so that the presence of a large ventricular 
septal defect and a pulmonic valvular stenosis 
was established at surgery. The establishment 
of an accurate diagnosis was extremely im- 
portant to this patient since surgery for pul- 
monic stenosis is frequently performed under 
hypothermia without the use of extracorporeal 
circulation. In this case the ventricular septal 
defect could not have been closed without the 
use of an extracorporeal circulation. 
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Historical Milestones 


William Halsted on Refusion of Blood in 
Carbon Monoxide Poisoning (1883) 


SauL JARCHO, M.D. 
New York, New York 


N ANALYZING the career of any great man it is 
I usually instructive to examine the way in 
which he began his work. This principle can 
be applied with profit to the early researches of 
William S. Halsted, America’s foremost in- 
vestigator and teacher of surgery. The text 
which is reprinted herewith is Halsted’s first 
published paper and describes the refusion (rein- 
fusion) of blood as a treatment for carbon 
monoxide poisoning. 

A few biographic facts will clarify the events 
which preceded the writing of the paper. For 
this purpose it is convenient to draw on the 
study which was written by Dr. W. G. MacCal- 
lum. William S. Halsted (1852-1922) was 
graduated from Yale College in 1874. He then 
entered the College of Physicians and Surgeons 
in New York, taking the doctoral degree three 
years later. While a medical student he acted 
as assistant to John C. Dalton, the physiologist. 
During his last student year he was surgical 
intern at Bellevue; after this he served for one 
year as house physician at New York Hospital. 
During 1878 to 1880 he visited Europe, where he 
studied with such famous men as Billroth, 
Mikulicz, Chiari and Kaposi. On returning to 
the United States he immediately undertook a 
large number of responsibilities, at the College 
of Physicians and Surgeons, the Charity Hospi- 
tal at Blackwell’s Island, The Emigrant Hospital 
at Ward’s Island, Roosevelt Hospital, Bellevue 
Hospital, Presbyterian Hospital and the Cham- 
bers Street Hospital. He rapidly gained an im- 
pressive reputation as a teacher and operator. 
It was at Chambers Street Hospital, which had 
many cases of accidental and traumatic disease, 
that he made his experiments with refusion of 


blood. 
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The reader who is attentive to the special 
problems of hemodynamics will be interested in 
Halsted’s views of the various types of centrifugal 
and centripetal infusion, just as the historian 
may wish to use the work as an indicator of the 
state of knowledge in 1883. However, the text 
of Halsted’s paper offers more fundamental 
values than these. 

The article shows several noteworthy traits. 
First, and most important, it evidences an in- 
quiring mind, capable of discovering problems 
in the daily routine of clinical practice. Second, 
it shows a willingness to plan and execute a 
rational attack on such problems. Third, it 
shows at least a modest degree of origina-ity. 
Fourth, it shows an adequate grasp of contem- 
porary physiologic knowledge. Fifth, it clearly 
evinces a willingness to dig in the world’s 
literature. Halsted stated elsewhere that “‘the 
idea of purifying and refunding the poisoned 
blood occurred to me on reading Hermann’s 
Physiology.”* How many young American 
surgeons today read German treatises on physi- 
ology or any other subject? Sixth, Halsted’s 
paper shows a sufficient command of foreign 
languages and an adequate command of English. 
Seventh, it demonstrates detailed observation 
and recording, combined with the candor which 
reports failures as well as successes. Let to- 
day’s aspiring clinician test himself against this 
checklist of traits and profit as well as he can. 

The article which is reprinted herein was 

*Haustep, W. S. Discussion of paper by Edward J. 
Klopp, “Refusion of Blood in Haemorrhage.” 
Am. Surg. Assoc., 40: 218, 1922. Reprinted in Surgical 
Papers by William Stewart Halsted, edited by Walter C. 
Burket, vol. 1, p. 14, Baltimore, 1924. Johns Hopkins 


Press. See also: Hermann,L. Grundriss der Physiol- 
ogie des Menschen, 4th ed., Berlin, 1872. Hirschwald. 
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first published, under the title, “‘Refusion in 
Carbonic-Oxide Poisoning,” in the New York 
Medical Journal, volume 38, pages 625 to 629, 
1883. It also appeared in Medical News, 
volume 43, pages 622 to 626, 1883, in the Annals 
of Anatomy and Surgery, volume 9, pages 7 to 21, 
1884, and in Halsted’s Collected Surgical 
Papers, which was edited by Walter C. Burket 
and published in two volumes by the Johns 
Hopkins Press in 1924. Slight differences are 
detectable in the various versions. The text 
used in the present reprint is that of the New 
York Medical Journal. 


* * 
HALSTED ON REFUSION OF BLOOD 


Contributions to the treatment of patients 
poisoned by carbonic oxide, the most noxious 
constituent of coal and illuminating gases, are 
especially worthy of consideration because of the 
great frequency of and mortality from this form 
of poisoning. In Adolph Lesser’s' tables car- 
bonic oxide figures as the most common poison, 
and the one which yields the highest percentage 
of fatal cases. 

Refusion of blood is literally a depletory trans- 
fusion, in which the blood withdrawn is re- 
turned to the circulation of the loser. Volk- 


1 Virchow’s ‘‘Archiv,” Ixxxiii, 2, 1881, p. 193. 


Note the 


mann,” in discussing exarticulation at the hip 
joint, suggests the feasibility of catching the 
blood lost, peradventure, in this operation, and 
returning it to the loser through the divided 
femoral vein. And Esmarch*® has, in one 
instance, endeavored to act in accordance with 
Volkmann’s suggestion, but his patient died 
while preparations were being made for trans- 
fusion. Hueter,* in frost-gangrene of both feet, 
transfused centrifugally 350 cc. of the patient’s 
own blood, defibrinated, into the left posterior 
tibial artery, and believed that he thereby pre- 
served a portion of the frozen part. The right 
foot, untransfused, underwent an_ extensive 
forfeiture. 
Highmore,® evidently not aware that it had 
already occurred to others to refund blood, 
offers ‘remarks on an overlooked source of 
blood supply for transfusion in postpartum 
haemorrhage,” and recommends utilizing the 


2R. Volkmann. Drei Falle von Exarticulation des 
Oberschenkels im Hiiftgelenk.”” ‘‘Deutsche Klinik,” 
1868, p. 382. 

3H. Leisrink. ‘‘Ueber die Transfusion des Blutes.”’ 
Volkmann’s “‘Sammlung klinischer Vortrage,” No. 41. 
Landois, ‘‘Die Transfusion des Blutes,”’ p. 327. 

4E. Peters. ‘‘Die arterielle Transfusion und ihre 
Anwendung bei Erfrierung,”’ Greifswald, 1874. 

5 <*Tancet,”’ London, 1874, i, p. 89. 
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blood lost by the mother. Other than these I 
know of no hints or attempts at refusion. 

In carbonic-oxide poisoning, refusion in- 
volves an additional factor, viz.: the oxygena- 
tion of the poisoned blood employed: and is, 
therefore, an infusion of the purified, defibri- 
nated for the poisoned, entire blood of the indi- 
vidual. 

A most radical case of refusion is the follow- 
ing: 

On the 5th of last May, Mr. A. S. G., aged 
fifty-seven, a man of medium size and good 
physique, was found unconscious in a state- 
room of the steamer Bristol by the ticket-taker, 
who observed a strong smell of gas in the room. 
He was taken in an ambulance to the Chambers 
Street Hospital, where he arrived at 9.05 a.m. 
The house-surgeon states that, on admission, the 
patient could not be aroused. Respirations 
superficial; pulse fairly strong, and 85 beats a 
minute; temperature not taken. Skin pale 
and cold; lips slate-colored; pupils somewhat 
dilated. Was put in a hot-air bath and given 
whisky hypodermically. At 10.30 a.m., when 
I first saw the patient, he was still comatose. 
His eyes were partly open, and his pupils 
equal, slightly contracted, and irresponsive to 
light; face ashy pale, and surface of body cold. 
The respirations, 28 a minute, were abdominal 
and so superficial that it was almost impossible 
to count them; pulse 96, small and easily 
compressible. Feeble conjunctival and plantar 
reflexes; other superficial reflexes absent, except 
cremasteric on left side. Deep reflexes could 
not be tested because of the rigidity which 
existed. Both arms were flexed; the right more 
strongly than the left. 10.50 a.m.: right 
radial artery exposed above wrist for about 
one inch, and two ligatures passed under it. 

A cannula, introduced centripetally into the 
artery, was held in place by one ligature; the 
other was used to occlude the vessel periph- 
erally. Through the cannula: 512 c.c. of 
blood were withdrawn, defibrinated, strained 
and kept at a temperature of about 37.5° c. 
in a transfusion apparatus similar to that which 
is before you. 11.20 aA.m.: temperature 
35.4° c. (95.8° F.), pulse 92, respiration 22, 
full and dyspnoeic. Superficial reflexes well 
pronounced. Eyes closed, but patient can be 
made to open them. Rigidity of limbs has, in 
great measure, disappeared. 11.32 a.m., 288 
c.c. of defibrinated blood, all that could be ob- 
tained from the 512 c.cm., were refunded through 
the cannula in the artery toward the heart— 
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centripetal arterial infusion. At 11.45 the 
injection was completed. Temperature 36.6° 
c. (98° F.), pulse 104, respirations 28, deep and 
labored. Superficial reflexes possibly exag- 
gerated. The usual post-transfusion rigors 
lasted for half an hour. 12.35 p.m.: 300 c.c. 
withdrawn, as before, through the cannula, 
defibrinated and mixed with 128 c.c. of defibri- 
nated blood taken from another patient. 
1 p.mM.: temperature 38.2° c. (100.8° F.), 
pulse 128, respiration 28. 1.05 P.m.: pa- 
tient’s pallor most striking; 192 c.c. of the 
mixed blood infused. The color returned 
rapidly to his face when from 80 to 100 c.c. 
had been injected, the change from a deathly 
white to a healthy red taking place in a’few 
seconds. 1.13: temperature 39.1°, pulse 
120, respiration 40. 2.30: temperature 39.4°, 
pulse 140, respiration 40. 5.20: temperature 
37.8°, pulse 116, respiration 20. 

Patient has been gradually returning to 
consciousness since the first venesection, and 
now attempts to get out of bed. 

May 6th—12.15 pP.m.: urine voided vol- 
untarily for the first time since admission, it 
having previously been drawn with a catheter. 

8.20 a.m.: temperature 37° (normal), 
pulse 98, respirations 20. Patient in good 
condition, but mentally still a little dull. 
4.30 p.M.: patient eats well, and desires to go 
home. 

May 7th.—Intellect perfectly clear; remem- 
bers that the steward lighted the gas in his 
state-room about 9.30 p.m., the night pre- 
vious to his poisoning, but that it went out as the 
door was closed. Undressed himself in the dark, 
went to bed, and can recall nothing of the night. 
Has experienced none of the unpleasant after- 
effects of the poisoning. 

Allowed to go home to Wareham, Mass., 
about 50 hours after admission.... October 
24th, have today, 5'/2 months after the poison- 
ing, interviewed Mr. A. S. G., and ascertained 
that he has not had a single unpleasant symptom 
referable to the effect of the gas. 

That this patient would have recovered with- 
out such active treatment is not improbable. 
It is, nevertheless, certain that the blood- 
letting exerted a most favorable influence, 
changing almost instantly the entire aspect of 
the case. The scarcely perceptible respirations 
became at once conspicuously full; in a few 
moments the absent superficial reflexes had 
returned and the rigid arms relaxed. The 
body-surface grew gradually warmer, and, 
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after the first infusion, the temperature had 
risen from 35.4° to 36.6° c. The pulse and 
respirations kept pace with the temperature. 
The first infusion prepared ‘the subject for a 
second depletion, and contributed to the rise in 
temperature, and, probably, to the improved 
circulation. The second infusion was decidedly 
indicated, as evidenced by the impression it 
produced in the patient’s color. 

In the light of Kiihne’s® experiments on an- 
imals, it is a question whether the blood- 
letting alone would not have rescued all the 
cases of carbonic-oxide poisoning in the human 
subject in which a depletory transfusion has 
been successful. Kiihne (loc. cit.) has found 
that venesection of itself could save life if the 
respirations were as much as two in a. minute. 
From twenty-three cases of transfusion for 
carbonic-oxide poisoning, of which I have 
notes, twelve terminated favorably. In two 
(Casse,’ one; Liihe,® one) of the twelve success- 
ful cases very small quantities of blood were 
transfused, and without any immediate good 
effects. In one (Hiiter®) of the remaining 
cases attempts at depletion were unsuccessful, 
only a few drops of blood having been with- 
drawn. In three cases (Garrigues,!® one; 
Halsted, two) the venesection exerted a de- 
cidedly favorable influence. Three cases 
(Badt," one; Martin,” one; Lehmann," one) 
are narrated in articles to which I have not 
access, and so can not arrive at any positive 
conclusions as to which was the more efficatious 
agent, the venesection or the _ transfusion. 
In one case (Kénig") the venesection (the 
amount of blood withdrawn is not stated) 
was attended with slight, and the transfusion 
with no success. The two remaining cases 
(Jirgensen,!> one; Saltzmann,!* one) were 
apparently benefited by the transfusion, and 


6 ““Centralblatt f. Chir.,”’ 1864, No. 9. 

7 “Presse méd.,”’ xxviii, 8, 1876. 

§ Transfusion bei Kohlenoxyd Vergiftung mit giinsti- 
gem Ausgang. “Deutsche mil. aertzl. Ztschr.,’’ Berlin, 
1878, vii, 263-267. 

9 Berl. klin. Wochenschr.,”’ 1870, No. 28. 

10 “New York Med. Journal,’’ March 3, 1883. 

Badt, ‘“Verhandlungen der Berl. med. Gessellschaft,”’ 
i, 1866. 

12.Massmann (B.W.), ‘‘Beitrage zur Casuistik der 
Transfusion des Blutes,’’ Berlin, 1870. 

18 Massmann (Joc. cit. ). 

M4 Evers, ‘“Deutsche Klinik,” 8, 9, and 10, 1870. 

15 klin. Wochenschr.,”’ 1870. 

16 Fall of héggradig Kolosforgiftning, behandladt med. 
Transfusion. ‘‘Finska Lakaresallskapets Handl.,” Bd. 
19, p. 266. 


yet in neither is any reference made to the 
influence of the depletion, although from one 
(Jiirgensen) 400 c.c., and from the other 
(Saltzmann) 180 c.cm., of blood were abstracted. 

Some, then, of the cases claimed for transfusion 
seem attributable to the venesection which 
preceded it; and in no instance has it seemed to 
me clearly demonstrable that transfusion has 
saved life where venesection had failed. 

A few cases are reported by O. Kahler,!’ 
Marten,'* and others,!® of venesection in 
carboxysmus with good results. And, of the 
several cases which have come under my care, 
I will cite briefly, in proof of the efficacy of 
venesection, the most serious (one in which 
depletory transfusion was resorted to) : 

On May 5, 1882, at 10.10 a.m., Lillie Bent, 
a robust girl of seventeen, was admitted to 
Chambers Street Hospital, suffering from il- 
luminating-gas poisoning. The night before, 
on retiring, she is supposed to have blown out the 
gas in her state-room on the steamer Prov- 
idence. 

On admission, she is said to have been 
unconscious, moaning, and much cyanosed. 
Her respirations were shallow, and her pulse 
rapid and feeble. Temperature not taken. 

Whisky and digitalis were given hypo- 
dermically. She was put in a hot-air bath and 
hot cloths were applied to the praecordia. 
Flagellation and the inhalation of ammonia 
would partially arouse her. Artificial res- 
piration was tried, but with what effect is not 
stated. She would improve temporarily under 
the treatment, but when left alone returned to 
her previous condition. 

I saw her about 5 p.m. Her temperature 
was 39.1° c., respiration 40, and pulse 120. 
Advised washing the stomach and large intestine 
with hot water for the purpose of further 
stimulation. 

9 p.m.: Patient much worse. Pulse feeble, 
more rapid and intermittent; respirations 
very superficial; conjunctivae insensitive and 
all reflexes absent; mouth frothy; occasional 
facial twitchings and grinding of the teeth; 


17Q. Kahler, Virchow’s “‘Jahresb.,” 1881, 1, p. 420. 

18 Marten, “‘Vjhrschr. f.g. Med.,”’ xxv, 1864, pp. 197- 
224. 

19 Henrick Jensen, in Helsingér, ‘‘Hospitals-Tidende,” 
2, R. 1, 25, 26, 1874, reports a case of carbonic-oxide 
poisoning which is interesting from the fact that decided 
reaction was observed during a brief menstruation. 
(Strange that venesection was not suggested to him by 
this occurrence.) Lauz in Biel, ‘‘“Schweiz. Corr. BI.” 
i, 12, p. 324, 1871. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


aw 

alt 

4, 

ME 

tid 

ke 
et 

4 

} 
1 
4 

1 

ey 
ag 


arms and legs rigid—the flexor muscles over- 
powering the extensors. 

9.05 p.m.: 204 c.c. of blood withdrawn 
from left basilic vein; upon this the condition 
of the patient improved marvelously; almost 
instantly her respirations became full and her 
pulse strong and less rapid. The rigidity of her 
limbs disappeared, her reflexes returned, and 
she could be aroused by shaking or speaking 
loudly to her. 

11 p.m.: Attempted to transfuse entire blood 
from a Behier’s apparatus into patient’s right 
cephalic vein, but failed to introduce more 
than 30 c.c. 

May 6th—During the night nourishment was 
administered per rectum. At 6 A.M. patient 
answers questions somewhat intelligently, and 
at 9 A.M. takes nourishment by the mouth. 

It is difficult in any case to know precisely 
how much of the cure should be attributed to 
the treatment. When, however, a case like the 
one just narrated, observed sufficiently long to 
exclude fluctuation, assumes a decidedly more 
serious aspect, and then is, almost instantly, 
on treatment, transformed into rapid con- 
valescence, one feels justified in assigning a 
cause to the effect. : 

Many apparently severe cases of carbonic- 
oxide poisoning are recorded, which have 
recovered more or less promptly when exposed 
to fresh air and stimulation. Some, too, where 
oxygen*”® is believed to have hastened the 
convalescence. But if, despite these measures, 
the patient’s condition grows constantly worse, 
death is virtually certain, unless venesection 
be resorted to. 

From the hour of her admission until she was 
bled—eleven hours—Lillie Bent’s condition 
was growing gradually worse, and ultimately 
became so bad that her case seemed hopeless; 
this, in a moment, upon venesection, was 
transformed into one of apparently certain 
recovery. 

The transfusion produced no appreciable 
effect, as might have been expected from the 
small amount of blood injected. 

As additional proof of the value of bleeding in 


20'Virchow’s ‘‘Jahresb.,” 1869, i. p. 320. Alonzo 


Clark, ‘“Two Cases of Poisoning with Illuminating Gas 
successfully treated by the Inhalation of Oxygen.” 
‘““New York Med. Jour.,” August 11, 1883. Lockey 
Stewart, ‘Brit. Med. Jour.” September 25, 1875, p. 392. 
Case of carbonic-oxide poisoning in which the inhalation 
of oxygen exerted no influence upon the patient’s condi- 
tion. 
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carbonic-oxide poisoning I might allude to the 
case of her illicit companion, who, occupying 
the state-room with her, was likewise poisoned. 
Less seriously affected by the gas, he was 
venesected while convalescing. Maniacal and 
confined in a strait-jacket, he was bled about 
512 c.c., and thereupon became so rational and 
docile that it was no longer necessary to re- 
strain him. 

To cite, as I might, other less serious cases in 
which the beneficial effect of blood-letting was 
less strikingly apparent would be superfluous. 

Why, then, transfuse if venesection ac- 
complishes so much? If for no other reason, to 
allow of repeated venesection. The poisoned 
individual should be bled freely, unless there 
be decided contraindications, even after, to 
all appearances, out of danger, in the hope of 
diminishing the risk of pernicious after-effects. 

Although bleeding of itself will probably 
suffice to save life in almost all cases which occur 
in practice, it has been demonstrated by 
Kiihne (J.c.) that animals, poisoned beyond 
hope of rescue by venesection, can be saved by 
transfusion. In one of his experiments, where 
respiration had been suspended seven minutes, 
he was still able to restore life to the animal by 
the infusion of defibrinated blood. 

Aside from experimental demonstrations of 
the value of transfusion in cases beyond recall 
by means of bleeding, nothing could be the- 
oretically much more enticing than the plausi- 
bility of substituting blood corpuscles capable of 
taking up oxygen for such as are incapaci- 
tated from so doing by reason of the somewhat 
stable compound which carbonic oxide forms 
with their haemoglobin. Thus the much quoted 
and meritorious experiments of Panum* have 
led his partisans to believe in the possibility of 
blood substitution and to regard the blood cor- 
puscles as something which can be taken from 
one individual and transplanted in another. 

But von Ott” has shown the falsity of Panum’s 
deductions, inasmuch as he could obtain like 
results, although making use of a fluid which 
contained no morphological elements. 

Von Ott (/.c.) has demonstrated, furthermore, 
that blood corpuscles infused into the cir- 
culation are short lived, and that blood, 
whether entire or defibrinated, for other 
reasons, is not only no better than but not as 
good as a 0.06-per cent saline solution for 


21 **Archiv. f. path. Anat. u. Phys. u. f. klin. Med.,” 
1863. 
Tbid., 1883, p. 114. 
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transfusion in acute anaemia. One can not, 
therefore, properly speak of a substitution as 
transplantation of blood corpuscles by infusion 
of them into an impoverished circulation. 

Fortunately, however, in carbonic-oxide poi- 
soning it is merely necessary to sustain the 
patient artificially for a brief period, and for 
this, undoubtedly, the infused corpuscles can 
serve as oxygen carriers for a sufficiently long 
time. For the circumstance, as von Ott’s 
(/.c.) experiments teach us, that the infused 
corpuscles do not become integral constituents 
of the new organism, but rather are destined to 
a more or less rapid disintegration and elim- 
ination, does not prevent them from circulating 
and temporarily taking part in the interchange 
of gases. Clear, then, as are the indications for 
transfusion auxiliary to venesection in the 
treatment of the cases under consideration, the 
extreme difficulty of obtaining blood at all, to 
say nothing of sufficient quantity, has, up to the 
present time, classified the operation with the 
rarer therapeutic procedures. And we might, 
indeed, in the treatment of these cases, content 
ourselves with blood-letting were it not that the 
practicability of refusion removes what has 
been, perhaps, the greatest obstacle to the 
performance of transfusion. | 

To.the investigations of Hermann, Donders,” 
and Podolinski* I owe the conception of 
refunding the purified for the poisoned blood 
of the victim to carbonic-oxide poisoning. 
Hermann” calls attention to the fact that 
nitrogen monoxide can liberate the carbonic 
oxide of the carbonoxy-haemoglobin, and forms 
a stronger combination with haemoglobin than 
carbonic oxide does; and, subsequently, Don- 
ders (l.c.), Hermann, and Podolinski (J.c.) 
find that oxygen or air can, in a few minutes, 
free haemoglobin from carbonic oxide if passed 
forcibly and in large quantities through the 
poisoned blood. 

As to the best method of infusing fluids into 
the circulation, good authorities disagree. Of 
the four possible methods, centrifugally or 
centripetally into an artery or vein, the question 
of centrifugal venous infusion is entertained 
only to be discarded. Hueter, who gives to 
von Graefe the honor of being the first to draw 
attention to centrifugal arterial transfusion, 
deserves the credit of having introduced it to the 
profession, and strongly advocated the method. 


Archiv. f. Phys.”’ v, p. 24. 


* Tbid., vi, p. 553. 
“Arch fiir Anat. und Phys.,” 1869. 


Landois,”* too, while contrasting, in general, 
arterial with venous transfusion, prefers, from a 
physiological standpoint, the arterial, be it 
centripetal or centrifugal. 

Cohnheim,”” on the other hand, expresses 
himself decidedly against centrifugal arterial 
transfusion essentially as follows: One should 
surely under no circumstances inject peri- 
pherally into an artery; for the peripheral 
arterial branches contract with such energy 
against the foreign blood which is entering 
them that it is often necessary, in order to over- 
come the resistance, to exercise pressure suf- 
ficiently forcible to rupture the blood-vessels. 
The case is very different when one injects 
centripetally into an artery and employs no 
more pressure than is required to overcome the 
existing arterial tension. ‘The blood infused 
mingles at once with that which is already 
present in the artery and flows, without re- 
sistance, into the first branch above, thence into 
its arterial and capillary ramifications, and 
from here on, under normal venous pressure, 
to the heart. 

Kiimmel,”* Schede’s assistant, produced gan- 
grene of the hand by the centrifugal infusion of a 
saline solution into the radial artery, thus 
giving us a demonstration of a disaster which 
may attend this method, and which he might 
have foreseen. 

We are, then, restricted to the choice be- 
tween centripetal arterial and centripetal venous 
infusion. 

Hiiter’s*® arguments for peripheral or cen- 
trifugal arterial transfusion hold good for 
centripetal arterial infusion. He prefers the 
arterial to the venous transfusion, because the 
blood by the former method courses slower 
and more uniformly to the heart; because the 
minutest air-vesicle is retained in the capillaries; 
and because the danger of phlebitis is avoided. 

Landois (/.c.) adds to these advantages 
another, viz.: that the capillary system, like a 
supplementary filter, catches all foreign particles 
which may be present. 

The essential advantages of centripetal arterial 
transfusion in profound asphyxia, says Landois 
(/.c.), can be summed up as follows: 1. Arterial 
blood is thus most directly dispatched to the 
nerve-centers, in consequence of which the 


26 “‘Die Transfusion des Blutes,’’ Leipzig, 1875. 

27**VWorlesungen iiber allegemeine Pathologie,” Bd. 
i, p. 424. 

28 *‘Centralblatt f. Chir.,’? 1882, No. 19. 

29 Langenbeck’s “Archiv,” Bd. xii. 
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venous blood there contained is propelled 
onward into the veins; and 2. The filling of 
the arterial system rejuvenates the feeble 
circulation by creating a considerable dif- 
ference in pressure between the arterial and 
venous systems. 

Cohnheim (/.c.), too, from his experiments 
on animals, declares the central or centripetal 
arterial transfusion to be the least dangerous, 
and at the same time most completely effectual 
procedure. 

From a practical standpoint, I am also 
impelled to advocate centripetal arterial in- 
fusion. 

Besides the case already narrated, it has been 
my good fortune to transfuse by this method 
with most bcilliant and unexpected success 
in two cases—one of acute anaemia and one of 
septicaemia. 


Joseph Hart, aged eleven years, was admitted | 


to Roosevelt Hospital, September 15, 1882, 
for a compound comminuted fracture of the 
tibia and some of the tarsal bones. The ankle 
joint was involved in the injury, and the 
soft parts were badly mangled. The wheel of a 
street-car had passed over his leg the night 
before. Patient: is said to have lost much 
blood, and the cloths in which his leg was 
wrapped furnished evidence to that effect. 
The parents would not consent to an am- 
putation,; and the boy, although perfectly 
conscious and able to give an account of him- 
self, was not in condition for it. 

At 8.30 p.m.—eleven or twelve hours after 
admission—the patient was cold and un- 
conscious, and his pulse was so rapid and feeble 
that it could not be counted satisfactorily. It 
was estimated to be 180 per minute. I injected 
192 c.c. of a salt solution (chloride of sodium 
3]; water, 0.j) centripetally into the left radial 
artery, whereupon the pulse became quite full, 
and 135 a minute. The boy regained con- 
sciousness immediately, and his condition seemed 
to warrant an attempt at amputation—permis- 
sion to do so having, meanwhile, been obtained. 
The administration of ether had such a bad 
effect on the pulse that the operation was 
deferred, and the leg placed in a hot-water 
bath. The patient continued to improve, and 
survived an amputation of the leg, performed by 
Dr. Sands, twenty-five days after admission. 

On the 18th of March, 1883, at Ward’s 
Island, I- infused defibrinated blood cen- 
tripetally into the radial artery, in a case of 
septicaemia. 
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The patient, an Italian, about forty years of 
age, had suffered for several months fromfa 
suppurative disease of the ankle and some of 
the tarsal joints. For about one week prior to 
the operation he had, almost daily, well- 
pronounced rigors and a temperature ranging 
from about 36.1° c. (97° F.) to 40.6° c. (105° 
F.). He was so feeble that to amputate was 
deemed inadvisable even as a last resort. A 
depletory transfusion was accordingly under- 
taken. A stout philanthropic German offered 
to furnish the blood. So plentiful was his 
subcutaneous fat that not a vein could be seen, 
although his arm had been carefully constricted 
below the point at which the basilic vein usually 
perforates the deep fascia. Dissection for a 
vein, prolonged until even the would-be donor 
appeared willing to have the search discon- 
tinued, failed to discover one. Thereupon the 
radial artery was exposed without difficulty, 
although our subject fainted as the incision was 
being made through the integument, and so 
necessitated the completion of the operation 
upon the floor. The Italian was next depleted 
through his right radial artery until the arterial 
tension was barely sufficient to throw a jet 
across the graduated jar, into which 178 c.c. 
had been allowed to flow. 

Immediately thereupon 186 c.c. of de- 
fibrinated blood was infused centripetally into 
the artery. In a few moments the patient’s 
pulse had fallen to 120, which was eight beats 
better to the minute than before the admin- 
istration of ether. The leg was then amputated 
just below its middle. Patient’s pulse 112-114, 
weak, but regular, and better than before the 
amputation. 

Cardiac stimulants were, of course, freely 
administered. Slight post-transfusion rigor and 
a temperature of 38.8° c. On the following 
morning, March 19th, patient’s pulse was 110, 
and temperature normal. Since then un- 
interrupted convalescence. 

It is only just to add that I have once done 
centripetal arterial infusion, in a desperate case 
of pyaemia, where the fatal termination was 
probably precipitated by the operation. 

If the infusion of defibrinated blood influenced 
the action of the heart unfavorably, it certainly 
was, in part, to be explained by the too heroic 
depletion which preceded it. 

-This unsuccessful attempt should not militate 
against the method of injecting the blood, but 
rather against the indication for so doing, or 
against the manner or extent of depletion. 
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The main argument of those who prefer 
centripetal venous to centripetal arterial in- 
fusion is that the former is the simpler. If it be 
true that the latter is, in any degree, the safer 
method, the simplicity of the former does not 
deserve to be considered. Furthermore, instead 
of being easier, I am sure that it is often more 
difficult to discover a vein than to expose the 
radial artery. It was, for instance, impossible 
to discover a vein in the stout German referred 
to in this paper. Jennings,*® too, one of the 
more recent advocates of the intravenous 
method, without having practiced the arterial, 
had considerable difficulty in finding a vein 
in one instance, and others testify to the same 
experience. The dangers of intravenous in- 
fusion, such as the introduction of air and 
small clots, and the overpowering of the heart 
by a too rapid injection, may be, theoretically, 
easy to avoid, but, practically, death has 
frequently been brought about by one or 
more of these causes. 

To the centripetal arterial infusion pertain, 
theoretically, none of the dangers which, 
practically, in the intravenous method, are far 
from always to be avoided. And, from a 
practical stand-point, my cases, which, I 
believe, are the first recorded, induce me to 
advocate the centripetal arterial method. 

* * 
AUTHOR’s COMMENTS 


The first trait which impresses the reader of 
Halsted’s article is the economy of the pres- 
entation. The case histories are limited to 
the relevant details. Reports of physical 
examination dwell largely on the general 
appearance of the patients and on the condition 
of the neuromuscular system. There is a 


total absence of laboratory data: there are no- 


blood tests and, of course, no readings of blood 
pressure and no cardiograms. 

The therapeutic measures were likewise 
extremely simple. Aside from refusion and one 
infusion of saline solution, the treatments 
consisted of whisky (injected hypodermically!), 
catheterization, injections of digitalis, nutrient 
enemata and inhalations of ammonia. ‘Trans- 
fusion was of course given without blood- 
typing. There is mention of the “usual post- 
transfusion rigors.” 

Halsted is honest enough to point out that 
venesection alone would probably save most 
persons poisoned by carbon monoxide. He 


30 “Transfusion,” p. 26. Bailliére, Tindall & Cox, Lon- 
don, 1883. 


believed that venesection followed by refusion 
permitted the removal of greater quantities of 
poisoned blood than was possible with vene- 
section alone. He gives an interesting summary 
of the administration of blood into veins and 
arteries, centripetally and centrifugally. This 
part of his work has increased in practical 
value as a result of recent advances in medical 
and surgical treatment of cardiovascular disease. 
He believed that if blood injected into an artery 
is directed centripetally, i.e. against the cur- 
rent, it is less likely to cause vascular spasm 
and gangrene than if injected centrifugally. 

In addition to its technical aspects this paper 
is open to a number of sociologic inferences. 
In studying the work of any physician it is 
important to consider who his patients were and 
how they entered the orbit of medical attention. 
The resolution of this problem in the present 
instance may prove interesting to our readers. 
Fortunately Halsted’s text provides a few clues. 

His second patient is said to have been a 
robust seventeen year old girl named Lillie 
Bent, who was overcome by gas on the steamer 
Providence on May 4, 1882, and was admitted 
to the Chambers Street Hospital on the following 
morning. The Chambers Street Hospital was 
torn down in 1894; to the present time I have 
been unable to find its records. After describing 
Miss Bent’s case Halsted goes on to tell of “‘her 
illicit companion, who, occupying the state- 
room with her, was likewise poisoned.” The 
word “‘illicit”” was deleted when the article was 
republished in the Annals of Anatomy and Surgery 
in 1884. ‘Thus we have the case of a man who 
illicitly occupied a stateroom with a robust 
seventeen year old girl. This does not give the 
impression of a voyage on a luxurious trans- 
atlantic liner. Instead it conforms with the 
pattern of overnight liaison on an excursion 
boat. The name “Providence” suggested the 
famous Fall River Line. A study of “‘The Old 
Fall River Line” by Mc Adam immediately 
confirmed this hypothesis. * 

According to Mr. Mc Adam, the Providence 
and the Bristol, luxury ships owned by the 
expansive Jim Fisk were launched at New York 
in 1866 and commissioned in 1867. Each had 
an over-all length of 373 feet and gross tonnage 
of nearly 3,000. They were equipped with such 
extravagant appurtenances as brass bands, 


*Mc Apam, R. W. The Old Fall River Line. Re- 
vised edition. New York, 1955, Stephen Daye Press, 
288 pp. See also: Jensen, O. The Old Fall River Line, 
American Heritage, 6 (1): 6, 1954. 
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fancy carpeting and caged canaries. More 
relevantly, they were illuminated by gas. 
The entire mise-en-scene was part of the 
American Age of Elegance. 

The accidents which provided Halsted with 
his cases were reported in the newspapers. 
Thus the New York Times of May 6, 1882, 
carried the following article: 


SUFFOCATED BY GAS 


A man and a woman who appeared to be man and 
wife took passage on the Sound steamer Providence, 
of the Fall River Line, at Fall River, Mass., ‘Thursday 
evening (May 4). They were assigned to outer state- 
room No. 147, on the starboard side aft. Twice be- 
fore the arrival of the boat at its pier, No. 28, North 
River, yesterday raorning, the purser rapped at their 
door to obtain their tickets, but received no response. 
At 9 o’clock a third effort was made to arouse the oc- 
cupants of the stateroom, but without success. Know- 
ing that something was wrong, the boat’s carpenter 
was summoned by Capt. Simmons to effect an en- 
trance. The blind was removed, and the carpenter, 
crawling through the window, opened the door. The 
man and the woman were found lying in the lower 
berth, both ashy pale and insensible, and it was at 
first thought dead. A light breathing was however 
discerned and the cause of their condition was looked 
for. The smell of gas was perceptible, and an ex- 
amination showed that the jet in the stateroom was 
turned on full head. The man and the woman were 
removed to the Chambers Street Hospital, and it was 
regarded as a question of life and death with them for 
a long time. The man regained consciousness at 5 
o’clock in the afternoon but at a late hour last night 
his mind was still wandering and he talked inco- 
herently. The woman at midnight was still insens- 
ible, and will probably die. Papers found in the 
pocketbook of the man prove him to be Emilio Corsi, 
of the firm of Corsi and Rebholtz, fresco and decora- 
tive painters, No. 5 Fenner Street, Providence, R. I. 
A letter written to Corsi by the woman discloses her 
identity. Her name is Lillie Bent, and her home is in 
West Falmouth, Mass. The letter is dated West 
Falmouth, May 3, and was sent to Wood’s Hole, 
Mass., where Corsi must have been stopping. It 
made an appointment to meet Corsi at a railroad 
station Thursday, presumably to make the trip to 
New-York. 
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Mr. C. A. Collins, m, of the Rhode Island 
Historical Society has kindly informed me 
that the firm of Corsi and Rebholtz, painters, 
is recorded in the Providence Directory for the 
years 1882 and 1883 but not subsequently. 

Halsted’s first patient, Mr. A. S. G., was also 
traced by means of the newspapers, although 
there are minor discrepancies in the reports. 
He proved to be Mr. Ansel S. Gurney, a grain 
merchant of Wareham, Massachusetts. A cer- 
tain flippancy is evident in the newspaper 
accounts since the New York Tribune titled its 
article “‘A Massachusetts Man Blows Out the 
Gas,” while the New York Herald used the caption 
“Does Not Read the Papers.” These articles 
appeared on May 16, 1883, and state the 
accident to have occurred on May 15. Thus 
some of the dates given by Halsted in his case 
notes are in error. There are, likewise, a few 
errors in the newpaper notices, chiefly as 
regards the spelling of names. 

Through the courtesy of Mr. Burton M. 
Tripp, Chief of Police, Marion, Massachusetts, 
it was learned that Mr. Gurney died on May 
28, 1904, at the age of eight-one years and five 
months. Thus he survived the poisoning by 
twenty-one years. Mr. Tripp placed me in 
communication with Miss Lovicy M. Delano 
of Marion, Massachusetts, who kindly supplied 
confirmatory information. Miss Delano is 
Mr. Gurney’s granddaughter; she states that 
Mr. Gurney was a grain merchant and usually 
captained his own ship to obtain grain in New 
York. It is her opinion that the accident was 
caused by the wind blowing out the gaslight 
in Mr. Gurney’s stateroom. 
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Case Reports 


Evolution of Ventricular Septal Defect and 
Pulmonary Stenosis with Left to Right 
Shunt into Classic Tetralogy of Fallot 


A Case Report with Clinical, Angiocardiographic and 
Anatomic Correlations” 


Luts Becu, M.D., DANAE Ikkos, M.D., ARNE LyJUNGQVIST, M.D. and ULF RuDHE, M.D. 


Stockholm, Sweden 


HIS report is a comment on the clinical, 
and pathologic fea- 
tures of a case of a patient with congenital 
heart disease. The clinical course of this 
patient illustrates the behavior in some cases 
of a particular type of ventricular septal defect 
and a distortion of the ostium infundibuli in 
which the picture of the tetralogy of Fallot 
previously absent develops after a period of time. 
The angiocardiographic and pathologic find- 
ings demonstrate the anatomic basis for such 
a changing clinical pattern related to the forma- 
tion of subendocardial fibrosis on the displaced 
muscle bundles at the ostium infundibuli. 


CasE REPORT 


A. K., four month old girl, was first seen in the 
cardiac outpatient department of the Pediatric Clinic 
of the Karolinska sjukhuset in December 1958. She 
was referred to this department because of a murmur 
first discovered in the maternity hospital. Gestation 
was reported as having been normal and the labor 
uneventful. The child had a history of slight dysp- 
nea and sweating usually after feedings. 

Physical examination revealed a normally developed 
infant (body weight 6.03 kg.) without cyanosis. She 
had a respiratory rate of about 80 to 100 per minute. 
The liver was palpable 2 to 3 cm. below the right 
costal margin. The femoral pulses were palpable. 
A rough systolic murmur of grade 5 was heard over 


the whole precordium with the maximal intensity 
at the third and fourth left intercostal spaces. A 
systolic thrill was felt in the same area. The second 
sound over the second left intercostal space was 
diminished, suggesting pulmonary stenosis. An 
apical middiastolic murmur was also heard. The 
electrocardiogram (Fig. 1) showed an electrical axis of 
+75° to +80° and signs of right ventricular hyper- 
trophy. 

Roentgenologic examination of the chest (Fig. 2) showed 
the relative heart volume (absolute roentgenologic 
volume related to body surface area) to be 450 cc. 
The average normal relative heart size in this age is 
220 cc. The heart revealed evidence of right ven- 
tricular enlargement as well as left atrial dilatation 
and left ventricular enlargement. The aortic arch 
was on the left side. The pulmonary artery was not 
well outlined but some dilatation was suggested be- 
cause its hilar and peripheral branches were wide. 
The aorta was of normal size. These findings indi- 
cated the presence of a left to right shunt, presumably 
through a ventricular septal defect. Except for the 
engorgement of the pulmonary vessels there were no 
pathologic findings in the lungs. 

Cardiac Catheterization: The clinical findings in 
combination with the roentgenographic picture 
raised the suspicion of a ventricular septal defect 
combined with pulmonary stenosis. With this tenta- 
tive diagnosis, the child was admitted to the hospital 
on January 20, 1959 for further investigation and 
treatment. Heart catheterization was performed 


* From the Departments of Cardiology and Roentgendiagnostics, Pediatric Clinic, and Pediatric Pathology, De- 
partment of Pathology, Karolinska sjukhuset, Stockholm, Sweden. 
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Ventricular Septal Defect and Pulmonary Stenosis 


using general anesthesia with tribromoethanol. The 
results are presented in Table 1. 

A systolic pressure gradient of 62 mm. Hg between 
the pulmonary artery and the right ventricle (20/7 
and 82/8 mm. Hg, respectively) with a normal 
wedge pressure was noted. The systemic pressure 
by cuff was 70/50 mm. Hg. There were clear signs 
of a left to right shunt at the ventricular level with 
an oxygen difference of 1.7 vol. per cent between the 
superior vena cava and the pulmonary artery. 
There was a 91 per cent saturation of the femoral 
arterial blood when the child was breathing room 
air. 

Angiocardiography: A selective angiocardiography 
was performed in connection with cardiac cathe- 
terization. The contrast medium was injected into 
the right ventricle. Rapid serial depiction took 
place in two planes simultaneously (Elema roll film 
changer, Gidlund system). The exposures were 
marked on a synchronously recording electrocardio- 
gram. The right ventricle was slightly enlarged and 
showed increased trabeculation. The infundibulum 
and particularly the ostium infundibuli were moder- 
ately distorted by a displaced crista supraventricularis 
with anterior and upward shift of the parietal band 
and slight dislocation of the septal band (Figs. 3 
and 4). This caused the ostium infundibuli to be 
moderately narrowed. The contrast medium spread 
rapidly into the left ventricle through a septal defect 
located below the crista. These structures were well 
outlined. The absence of septal tissue below the right 
aortic cusp suggested that the defect extended anterior 
to the papillary muscle of the conus. There was no 
obvious overriding of the aorta. The pulmonary 
artery was slightly wider than normal and its branches 
were insignificantly dilated. The pulmonary valves 
were not thickened. After having visualized the left 
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Fic. 1. Electrocardiogram during the first examination 
at the age of four months. Electrical axis +80° and 
signs of right ventricular hypertrophy. 


atrium and the left ventricle which were both dilated, 
the medium reappeared in the right ventricle. This 
was due to a left to right shunt through the ventricular 
septal defect. The aorta was apparently of normal 
caliber. 

Clinical Course: The patient was digitalized; her 
general condition improved and the enlargement of 
the liver disappeared. An operation with complete 


Fic. 2. Roentgenograms at age four months in P-A and lateral views. The heart is enlarged. Roentgenologic heart 
volume related to body surface area is 450 cc. Average normal value is 220 cc. There are signs of ventricular enlarge- 
ment with right ventricular hypertrophy; left atrium is enlarged. Vascularity of the lungs is increased. 
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TABLE I 
Finding of Cardiac Catheterization in Patient at the Age of Six Months (January 1959) 


Pressure (mm. Hg) 
Place of the Oz O» Oz 
Catheter (vol. %) Capacity Saturation 
Systolic | Diastolic Mean 
RA a=7 4 9.2 14.4 63 
v=5 
RV 82 8 27 9.0 62 
PA 20 7 13 10.6 73 
Coronary sinus 7.2 49 
Femoral artery | 13.3 | 91 


Nore: Blood pressure by cuff method 70/50 mm. Hg. SVC = superior vena cava; IVC = inferior vena cava; 
RA = right atrium; RV = right ventricle; PA = pulmonary artery; PCV = pulmonary capillary venous. 


correction was to be performed when the child was at the time of the third admission two months later, 


older. She was discharged from the hospital in when the relative heart volume had diminished to 340 
February 1959. One month later she was admitted cc. The heart was now only moderatly enlarged. It 
again because of an infection of the upper respiratory was noticed that the expansion of the left atrium and 
tract and urinary tract. The clinical picture had not the degree of pulmonary vascularity were less marked, 
changed during this interval although the heart indicating a reduction in flow through the lungs and 
showed a slight reduction in size (relative heart vol- consequently a diminishing left to right shunt. 
ume, 420 cc.). This process had become more marked Clinically, the child now showed clearer signs of right 


PA 


vsO 


Fic. 3. Angiocardiogram (lateral view) and drawing during ventricular systole. The contrast medium injected 
into the right ventricle (RV) outlines the ventricular septal defect (VSD) and partially escapes into the left ventricle 
(LV). The septal defect is located behind and below the crista supraventricularis (CSV) and in its superior aspect is 
bordered by the under surface of the aortic cusps (AO). There is no intervening septal tissue below the anterior part 
of the right aortic cusp. This indicates that the septal defect extends anterior to the papillary muscle of the conus. 
In this phase, the infundibulum and particularly the ostium infundibuli (OI) are contracted. PA = pulmonary 


artery. 
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Fic. 4. Angiocardiogram. A, lateral view during early diastole (probably isometric relaxation 
phase). The right aortic valve (AO) faces the ventricular septal defect (VSD). The pulmonary 
valves are also seen (to the left of PA). Contraction of infundibulum (1) persisted in this phase. 
RV = right ventricle; LV = left ventricle. 8B, lateral view. In full diastole (presystolic phase) a 
slight constriction is evident in the ostium infundibuli (OI). The right ventricle including its 
infundibulum (I) is moderately dilated. Atria] systolic impact has opened the pulmonary valves. 
The pulmonary artery has a typical dorsal course. C, A-P view. Early ventricular systole. Slight 
distortion of the ostium infundibuli (OI) with abnormal course of the parietal and septal bands of 
the crista supraventricularis. The pulmonary trunk is superimposed on the infundibulum in this 
view. Slight dilatation of the pulmonary artery and its branches. The ventricular septal defect 
(VSD) faces the aortic root (AO). D, lateral view. Late diastole. The left atrium (LA) is 
dilated as is the left ventricle (LV). A left to right shunt is transmitted through the ventricular 
septal defect (VSD). Because of the shunt the subinfundibular tract of the right ventricle is 
demonstrated anew. 


to left shunt. She was pale and a slight cyanosis was ectopic ureter and a heminephrectomy was per- 
present even at rest. formed. The specimen showed renal dysplasia and 

The patient was admitted to the hospital for the pyelonephritis. The postoperative course was un- 
third time because of repeated infections of the eventful. Following discharge from the hospital on 
urinary tract. During a cystoscopic examination June 25, 1959 she continued on a progressively down- 
cardiac standstill occurred. Immediate attempts hill course until the final hospital admission on 
at resuscitation by thoracotomy and heart massage August 11, 1959 at the age of twelve months. The 
were followed by prompt restoration of rhythm. mother reported that during this last interval the 

Intravenous urography demonstrated a right-sided child’s general condition had deteriorated and re- 
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Fic. 5. Electrocardiogram during the last admission at 
the age of twelve months. Note the more pronounced 
right axis deviation (+110°) as compared to Figure 1 
and the clockwise rotation of the heart with the deeper 
S wave in 


peated attacks of cyanosis and unconsciousness had 
occurred. 

Final Hospital Admission: Significant clinical and 
laboratory changes were noticed on this admission. 
The child had definite cyanosis with clubbing of the 
fingers. She had a somewhat rapid respiratory rate 
(about 40 per minute). The cardiac findings had 
not changed appreciably and no signs of heart failure 
were present. A rise in hemoglobin to 16.5 gm. per 
100 ml. was noticed in comparison with a previous 
value of 11.2 gm. The ¢electrocardiogram (Fig. 5) 
showed that the electrical axis had shifted to the 
right (+110°) and the pattern of right ventricular 
hypertrophy was more pronounced with a flattening 
of the T wave in the right precordial leads and a 
deeper S wave in Vs. The roentgen examination of the 
heart revealed a further decrease in relative heart 
size (Fig. 6). It had now diminished from the original 
450 to 290 cc. The left atrium did not show any 
significant enlargement. The vascularity of the lungs 
was regarded as normal or slightly reduced. 


Because of the patient’s age and her serious general 
condition, an operation using extracorporeal circula- 
tion was believed a great risk. For this reason, a 
shunt operation was decided upon and the patient 
was transferred to the surgical department. She 
contracted a new respiratory infection as well as an 
infection of the intestinal tract and her general condi- 
tion deteriorated. In spite of intensive medical 
treatment she never improved. ‘Twenty-four hours 
before death she showed signs of cerebral anoxia 
with repeated attacks of convulsions and uncon- 
sciousness. She died on August 31, 1959 at the age 
of thirteen months. 


POSTMORTEM EXAMINATION 


The autopsy was performed thirty-seven hours after 
death. The body was that of a well developed, 
poorly nourished female child weighing 8 kg. and 
measuring 78 cm. Cyanosis was prominent over the 
lips and nail beds; clubbing of the fingers and toes 
was moderate. The skin was pale and no edema was 
present. The anterior fontanel was open to the size 
of a fingertip. The findings of main interest were 
limited to the cardiovascular system. 

Heart: Before dissection, 10 per cent formalin was 
injected into the coronary arteries until the pul- 
monary trunk was filled. The heart-lung specimen 
was then immersed in a 10 per cent formalin solution 
for twenty-four hours. The heart was enlarged, the 
fixed organ weighing 94 gm. (normal, 44 gm.) The 
superior and inferior venae cavae and the coronary 
sinus opened normally into the right atrium which 
was of normal size and shape. The foramen ovale 
was closed. ‘The tricuspid valve was normal with 
three well formed leaflets. The right ventricle was 
slightly dilated and the wall was markedly hyper- 
trophic, measuring 9 mm. in thickness. There was a 
defect in the upper portion of the ventricular septum 
located anterior to the papillary muscle of the conus 
(Fig. 7). The papillary muscle of the conus inserted 
onto the posterior third of the lower border of the de- 
fect. The root of the aorta was dextroposed, the entire 
right and part of the posterior cusps of the semilunar 
valve being located to the right and anterior to the 
ventricular septum. 

The crista supraventricularis displayed the ab- 
normal location characteristic of the tetralogy of 
Fallot. Thus, the parietal band was rotated and dis- 
placed anteriorly and superiorly with moderate an- 
terior displacement of the septal band. In addition, 
the distorted ostium infundibuli was stenosed by 
prominent fibrous ridges deposited all around its 
wall (Fig. 7E). The narrow ostium had a triangular 
outline measuring 4 by 4 by 6 mm. It opened into a 
large infundibular chamber or “third ventricle,” 
which in turn emptied into the pulmonary trunk 
through a normal valvular ostium. The pulmonary 
vascular tree was normal on gross examination, anc 
the two pair of pulmonary veins emptied into the 
left atrium which was of usual size and shape. Th: 
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Fic. 6. Roentgenograms at age twelve months in P-A and lateral views. Great reduction of heart volume as com- 
pared to Figure 2. The relative heart volume now measures 290 cc. No dilatation of the left atrium. Vascularity of 


the lungs is somewhat scanty. 


mitral valve had normal leaflets and papillary 
muscles. The left ventricle was somewhat enlarged 
but of unremarkable configuration, its wall measur- 
ing 8 mm. in thickness. The aorta was of usual width 
with normal main branches and a left-sided aortic 
arch with closed ductus arteriosus. In the anterior 
wall of the descending thoracic aorta two dilated but 
equal bronchial arteries with slightly widened open- 
ings were found. 

The lungs were slightly atelectatic but no conges- 
tion or edema was present. Gross examination of the 
abdominal viscera revealed moderate congestion. 
The right kidney was scarred in the upper pole where 
the heminephrectomy had been performed. The re- 
maining part of this kidney was congested but 
otherwise within normal limits. The ureter was 
somewhat dilated but there were no signs of active 
disease in any part of the urinary tract. Congestion 
of the meningeal vessels and rather prominent cerebral 
edema were present but no further intracranial lesions 
could be found. 

Microscopic Examinations: The ostium infundibuli 
and neighboring structures were removed en bloc 
after fixation of the heart. The block was embedded 
in paraffin and serially sectioned in a plane parallel 
to the outflow tract of the right ventricle. Every 
tenth section was collected and stained according to 
Verhoeff’s method for elastic tissue counterstained 
with van Gieson’s stain for connective tissue. 

The entire circumference of the ostium was lined 
with endothelium covering a thick layer of cellular 
connective tissue rich in capillaries (Fig. 8). This 
tissue contained fibroblasts and occasional lympho- 
cytes, but no mineral salt deposits or hemosiderin. A 
fine reticular stroma of collagenous fibers was en- 
countered interspersed with irregular streaks of 
elastic fibers. The latter were noted in the subendo- 
thelium and adjacent to the underlying myocardium, 
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in a position parallel to the endothelial surface and 
never perpendicular to it. In the center of the fibrous 
tissue there were areas with degenerative hyaline 
changes of the collagen. In routine lung sections and 
in those stained for elastic fibers, no changes could be 
found except for very scanty atelectatic areas. The 
branches of the pulmonary artery displayed no ab- 
normal feature. 

Pathologic Diagnosis: Tetralogy of Fallot, charac- 
terized by stenosis of the ostium infundibuli of the right 
ventricle due both to displacement of the muscular 
bands of the crista supraventricularis and to superim- 
posed subendocardial fibrosis ; ventricular septal defect 
located anterior to the papillary muscle of the conus; 
marked cerebral edema. 


COMMENTS 


It has been repeatedly demonstrated that in 
ventricular septal defect with pulmonary steno- 
sis there may be a left to right shunt, sometimes 


quite large.'~* The functional status of such 
patients depends mainly on the degree of pul- 
monary stenosis and the pressure gradient across 
the ventricular septal defect. Both these 
features may vary considerably during the 
lifespan of each patient. Thus, the hemo- 
dynamic data obtained at the time of cardiac 
catheterization are not enough to permit ac- 
curate prediction of the course of the disease. 

An appreciation of those factors regulating 
the changing manifestations of the particular 
heart lesion is obtained from repeated clinical 
evaluations and from precise knowledge of the 
anatomic arrangement underlying the func- 
tional features. The value of such anatomic 
information is made evident by recalling that 
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there are several types of ventricular septal 
defect, each having a different and character- 
istic position and relationship to right ventricular 
structures. In addition, pulmonary stenosis 
may be valvular, infundibular or both. Be- 
cause of such great anatomic variations one can- 
not assume that a valvular pulmonary stenosis 
with a ventricular septal defect located posterior 
to the papillary muscle of the conus will have 
the same clinical behavior and surgical prog- 


nosis as infundibular stenosis with a ventricular 
septal defect extending anterior to the papil- 
lary muscle of the conus. 

The changing clinical pattern in patients 
with ventricular septal defect in whom ob- 
struction of the outflow tract of the right ven- 
tricle gradually develops has been noted by 
several authors.'-> The frequency of this 
secondary change is greater than previously 
suspected. This is due to the fact that today 


Fic. 7. Legend on facing page. 
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an increasing number of patients with congen- 
ital heart disease are being carefully followed 
from birth. The basis for the secondary cardiac 
change becomes apparent only when adequate 
anatomic information is available; this has 
not been presented in any of the previously re- 
ported cases. 

In the tetralogy of Fallot the ventricular 
septal defect is located between a posteriorly 
displaced papillary muscle of the conus and a 
crista supraventricularis which is rotated and 
displaced anteriorly and superiorly. In such 
hearts the size of the ostium infundibuli may 
be very small at birth or it may be wide enough 
to permit increased flow of blood to the lungs 
with no right to left shunt. In these cases there 
may or may not be a demonstrable pressure 
gradient across the right ventricular infundi- 
bulum. 

In the patient reported here the available 
evidence indicates that at the time of the in- 
itial examination at the age of four months 
there was only a moderate obstruction at the 


ventricular septal defect, as was demonstrated 
by the radiologic examination. Cardiac cathe- 
terization performed two months later showed 
clear signs of obstruction at the ostium infundi- 
buli, equilibrated ventricular pressures and a 
bidirectional shunt. In addition, the angio- 
cardiogram gave a precise anatomic description 
of the underlying malformation. 

In the subsequent course over a period of 
six months, clinical data indicated a pro- 
gressive obstruction of the outflow tract of the 
right ventricle leading to the production of 
a predominantly right to left shunt with parox- 
ysmal and later almost permanent cyanosis. 
This striking clinical and hemodynamic change 
was paralleled by a continuous reduction in the 
size of the heart as well as in the vascularity of — 
the lungs. 

Postmortem examination confirmed the re- 
lationships demonstrated by angiocardiography 
between the ventricular septal defect and the 
papillary muscle of the conus. The abnormally 
located muscular bands of the crista supraven- 


tricularis were covered at the ostium infundibuli 
by thick ridges of fibrous tissue. The character 


right ventricular outflow tract. This permitted 
a large left to right shunt to exist through the 


Fic. 7. Views of the heart at autopsy. A, the right and most of the posterior wall of the right 
ventricular inflow chamber have been removed, preserving the insertion of the anterior papillary 
muscle (APM). The chamber is viewed from the apex upwards, after posteriorly retracting the 
body of the APM. The position of the papillary muscle of the conus is indicated by the arrow as 
in illustrations B and C. When the right ventricular chamber is viewed in this manner the ven- 
tricular surface of the anterior tricuspid leaflet (AL) can be considered to be a plane continuing 
upwards into the aortic root, in close relationship to the posterior aortic cusp (P). The under sur- 
face of the right aortic cusp (R) hangs entirely to the right of the ventricular septum. The papillary 
muscle of the conus inserts onto the posterior third of the lower border of the ventricular septal defect. 
Of main interest is the position of the muscle bands of the crista supraventricularis. The parietal 
band (PB) is rotated and displaced anteriorly away from the tricuspid ring. The upper portion of 
the septal band (SB) is also displaced anteriorly and superiorly, but its lower portion reaches the 
base of the anterior papillary muscle as a normally located ‘‘moderator band.”” OI = ostium in- 
fundibuli; PL = posterior tricuspid leaflet. B, close-up view of the area of the ventricular septal 
defect and the ostium infundibuli. Notice the relationship of the displaced crista to the papillary 
muscle of the conus and the ventricular septal defect. Along the borders of the ostium infundibuli 
there are prominent ridges of fibrous tissue causing the orifice to have a triangular configuration. 
The broken line indicates the plane along which the ostium infundibuli was serially sectioned, 
demonstrating the microscopic features illustrated in Figure 8A. C, the right ventricular inflow cham- 
ber has been opened by sectioning along the outflow tract leading to the aorta, and retracting the 
anterior papillary muscle posteriorly. The ostium infundibuli and the pulmonary outflow tract 
have not been opened. The distribution of the valves and the muscle bundles in the right ventricle 
is best seen in this view; it gives a distorted but schematic representation of the malformation which 
is characteristic and defines the tetralogy of Fallot, even in the absence of hemodynamic significant 
obstruction to pulmonary flow. This patient had a pronounced obstuction at the level of the ostium 
infundibuli in connection with the ridges of fibrous tissue deposited upon it. D, above the ostium 


infundibuli the pulmonary outflow tract dilates to form a prominent ‘“‘third ventricle,” and this Ey 
chamber is opened and seen from the front. PT = pulmonary trunk; R = right, P = posterior, i 
and L = left pulmonary cusps, which are normal in size and configuration. £, looking down into Ei 


the chamber of the ‘“‘third ventricle,” the ostium infundibuli is seen as an irregular opening sur- . .. 
rounded by fibrous tissue. Notice the position of the muscle bundles of the parietal (PB) and septal : 
(SB) bands of the crista. If the fibrous tissue were not present, the ostium infundibuli would have 
the size and configuration indicated by the interrupted line and its borders would then be purely 
muscular. F, the left side of the heart opened in the classic manner. The left ventricular chamber 
is large in relation to the large pulmonary flow present during most of the patient’s life. LA = left 
atrium; LV = left ventricle. 
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Fic. 8. Photomicrographs of heart. A, a sequence of sections through the infundibular region 
parallel to the outflow tract, about 1.5 mm. apart (planes of sections indicated by broken line in 
Fig. 7B). R = right aortic cusp; CS = crista supraventricularis; RV = right ventricle; OI = 
ostium infundibuli, I = infundibulum (‘“‘third ventricle”); AW = anterior wall. (Verhoeff-van 
Gieson stain; original magnification X3.) 7. Section through myocardium posterior to the ostium 
infundibuli and including the subendocardial fibrosis (arrow) of the lower portion of the ostium 
infundibuli. 2. Tangential section of the inner layer of the wall of the ostium infundibuli showing 
the prominent fibrosis (arrow) extending along the border of the ostium. 3. Section through the 
ostium infundibuli close to its midline showing the lumen to be narrowed by the subendocardial 
fibrous tissue. B, tangential section of the inner layer of the wall of the ostium infundibuli, (same 
area as in A2). The cellular ridge of fibrous tissue, rich in capillaries, is seen in the center, 
separated from the normal myocardium by thin streaks of elastic tissue. (Verhoeff-van Gieson stain ; 
original magnification X25). C, high power view of the subendocardial fibrous tissue, separated from 
the myocardium by elastic tissue. (Verhoeff-van Gieson stain; original magnification 100.) 


and distribution of this subendocardial fibrosis ing across the displaced muscular trabeculae. 
indicated that its process of formation was of an A stiffening and subsequent narrowing of the 
acquired and progressive nature, probably ostium infundibuli resulted in the progressive 
caused by the traumatic action of blood stream- obstruction to pulmonary blood flow, leading 
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to the successive alteration of hemodynamics 
outlined above. 

Thus, the case reported herein explains the 
findings in previous studies*~* which suggested 
that the basis for the changing clinical pattern 
in some patients with ventricular septal defect 
is the gradual development of an infundibular 
stenosis. In our patient this process was as- 
sociated with a progressive narrowing of the 
ostium infundibuli due to traumatic subendo- 
cardial fibrosis developing on the displaced bands 
of the crista supraventricularis. ‘The character- 
istic anatomic arrangement within the mal- 
formed heart can be outlined by means of se- 
lective angiocardiography before the hemody- 
namic consequences of such a pathologic change 
become clinically apparent. In this manner, 
valuable information is added toward under- 
standing the natural disease course of patients 
who, if not treated, ultimately manifest the pic- 
ture of a classic tetralogy of Fallot which was 
previously absent. 

Furthermore, this case emphasizes the con- 
cept .hat the anatomic relationship of the ven- 
tricular septal defect to right ventricular struc- 
tures seems to be the best way of defining the 
malformation known as “‘tetralogy of Fallot.” 
It is not possible and certainly would not be 
rewarding to attempt a hemodynamic defi- 
nition which would apply to the different con- 
ditions present throughout the lifespan of all 
patients dying with ‘“‘ventricular septal defect 
and pulmonary stenosis with right to left shunt 
and decreased pulmonary flow.” 


SUMMARY 


A four month old girl revealed clinical and 
roentgenologic signs of a ventricular septal 
defect with a left to right shunt and presumably 
moderate infundibular stenosis. The course of 
the disease was followed at almost regular 
monthly intervals by clinical and roentgenologic 
examinations until the death of the patient 
nine months later. Investigation by heart 
catheterization and selective angiocardiography 
at the age of six months disclosed a pressure in 
the right ventricle equal to the systemic, an 
infundibular stenosis and a bidirectional shunt 
through a ventricular septal defect located 
anterior to the papillary muscle of the conus. 

The subsequent clinical course was domi- 
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nated by transient and eventually permanent 
cyanosis due to an increasing right to left shunt. 
This was paralleled by diminished vascularity 
of the lungs, reduction in heart size and dis- 
appearance of a previous dilatation of the left 
atrium. 

Autopsy confirmed the findings made at 
angiocardiography and in addition revealed 
subendocardial fibroelastic thickening on the 
moderately displaced crista supraventricularis. 
This fibrosis was considered to be due to the 
traumatic action of the blood flowing across 
the bands and could account for the gradually 
increasing obstruction of the infundibulum of 
the right ventricle in this and other cases with 
a sivnilar clinical history. 


REFERENCES 


1. Taussic, H. B. Left to right shunts in infancy. In: 
Cardiovascular Surgery, Studies in Physiology, 
Diagnosis and Techniques, p. 119. Proceedings of 
the Symposium held at Henry Ford Hospital. 
Philadelphia, 1955. W. B. Saunders Co. 

2. Gasut, B. M., Ditton, R. F., Vr7a, V. and Harr, G. 
Ventricular septal defects. Their natural trans- 
formation into those with infundibular stenosis or 
into the cyanotic or non-cyanotic type of tetralogy 
of Fallot. J. A. M. A., 164: 847, 1957. 

3. Gasut, B. M., Ditton, R. F. and Vria, V. The 
natural transformation of ventricular septal de- 
fects into ventricular septal defects with pulmonary 
stenosis and/or into tetralogy of Fallot. Clinical 
and physiological findings. Am. J. Dis. Child., 
94: 424, 1957. 

4. LynFIELp, J., Gasut, B. M. and Luan, L. L. Serial 
physiologic studies of the natura] course of 33 in- 
fants and children with ventricular septal defects. 
Circulation, 20: 733, 1959. 

5. Fyzer, D. C., A. M., Wirrensore, M. H. 
and Napas, A. S. Ventricular septal defects in 
infants and children. A correlation of clinical, 
physiologic, and autopsy data. Circulation, 18: 
833, 1958. 

6. McCorp, M. C., Van Ek, J. and Biounrt, S. G. 
Tetralogy of Fallot; clinical and hemodynamic 
spectrum of combined pulmonary stenosis and 
ventricular septal defect. Circulation, 16: 736, 
1957. 

7. Woop, P., Macipson, O. and Wirson, P. A. O. 
Ventricular septal defect with a note on acyanotic 
Fallot’s tetralogy. Brit. Heart J., 16: 387, 1954. 

8. S. R., MANNHEIMER, E., RupHeE, U. 
and Jonsson, B. Diagnosis of Congenital Heart 
Disease, p. 107. Chicago, 1955. Year Book 
Publishers. 

9. Hoxiapay, W. E. and Wirnam, A. C. The tetralogy 
of Fallot. The variability of its clinical manifesta- 
tions. Arch. Int. Med., 100: 400, 1957. 


3 
“ay 
th, 
| 
isc 
at 
ae 


Bacterial Endocarditis Due to Salmonella 


Typhimurium’ 


Harry NusHan, M.D., C. GLENN SAWYER, M.D., RICHARD O. RocErs, M.D. and N.O’ WHITLEY, M.D. 


Salisbury, North Carolina 


tes ORGANISMS are found in the in- 
testinal tract of man and animals, both wild 
and domestic. They can be isolated from all 
parts of the world. Over 200 serologic varieties 
have been identified on the basis of ““O”’ and 
*“H” antigens. They may produce a typhoid 
fever-like disease, a food poisoning syndrome, a 
septicemia or localized pyogenic infections. 
Bacterial endocarditis caused by a Salmonella 
organism is extremely rare. ‘The following is a 
report of a case due to Salmonella typhimurium. 


CasE REPORT 


A forty-seven year old white female nurse was 
admitted to the hospital on May 14, 1956. The diag- 
nosis on admission was chronic schizophrenic reaction, 
paranoid type, manifested by delusions, auditory 
hallucinations, destructiveness, writing abusive let- 
ters, lack of insight and inappropriate and flattened 
affect. She served in the U. S. Army from March 15, 
1941, to July 27, 1942, and was retired because of 
mental illness. While in the service her joints 
swelled and a tonsillectomy was performed. She was 
told she had a “mild heart condition.”” About three 
years prior to admission easy fatigability, occasional 
shortness of breath and ankle swelling developed. 
For the past year she had dizzy spells and two-pillow 
orthopnea. She thought she might have been given 
digitalis in the past. 

Physical examination revealed a tall asthenic white 
woman in no distress. A malar flush was present 
and she appeared slightly breathless; blood pressure 
was 104/80 mm. Hg, temperature 98.6°F., pulse 
144 per minute, and respiration 22 per minute. The 
heart was moderately enlarged but no precordial 
pulsations were visible. A diastolic thrill was present 
at the apex. Auscultation revealed a diastolic rumble 
at the apex with an opening snap of the mitral valve. 
Along the left sternal border there was a grade 2 
diastolic diminuendo murmur and P», was accentu- 
ated. Atrial fibrillation was present. The liver was 


palpable four fingerbreadths below the costal margin. 
There were spider varicosities on the legs and some 
edema of the feet. 

Laboratory Examinations: The hemogram showed a 
normal white count and differential, a hemoglobin of 
12.7 gm. per cent and a sedimentation rate of 19 mm. 
per hour. The VDRL test was negative. Urinalysis 
was within normal limits. Nonprotein nitrogen and 
fasting blood sugar were normal. The antistreptoly- 
sin 0 titer was 166 Todd units. The vital capacity 
was 3 L. A roentgenogram of the chest showed a 
vertical heart which was markedly enlarged. There 
was straightening of the left border of the heart. 
Both hilar vascular shadows were prominent and 
lung vascularity throughout was increased. On 
fluoroscopy the pulmonary vessels were active and 
there was displacement of the esophagus posteriorly 
and a little to the right. An electrocardiogram showed 
atrial fibrillation with a rapid ventricular response. 

Clinical Course: She was digitalized with digitoxin 
and maintained with digitalis leaf. The signs of 
congestive failure disappeared. The atrial fibrilla- 
tion persisted but the ventricular rate was slowed. 
In addition she received promazine, reserpine and 
chlorpromazine as needed for her mental state. On 
June 21, 1956 she experienced severe precordial pain 
lasting for three minutes with no new physical 
findings. 

The terminal illness began on February 5, 1957 
with temperature elevation. She complained of 
nausea, generalized aches, chilly sensations, weakness, 
and nonproductive cough. She said she had had a 
hamburger the night before. Hamburgers were 
served to all the other patients; none complained of 
the meat being spoiled or of getting sick from eating 
it. Soon thereafter a frontal headache and fever de- 
veloped. The only new physical finding was a palp- 
able spleen. Her rectal temperature was 104.8°F. 
and by the following day had risen to 106.8° (Fig. 1). 

Seven blood cultures were taken, one on February 
5, three on February 6, and three on February 7, 
1957. All were positive for Salmonella group B. 


* From the Veterans Administration Hospital, Salisbury, North Carolina, the Bowman Gray School of Medicine 


of Wake Forest College and the North Carolina Baptist Hospital, Winston-Salem, North Carolina. 


The statements 


and conclusions of the authors are the result of their own study and do not necessarily reflect the opinion or policy of 


the Veterans Administration. 
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Fic. 1. Temperature curve and antimicrobial agents used in therapy. 


This organism was further studied at the Walter 
Reed Army Institute of Research, Washington, D. C. 
and identified as Salmonella typhimurium. The 
antigenic analysis was 0 group antigens: 1, 4, 5, 12; 
flagellar or H antigens: i; 1, 2. She was im- 
mediately given penicillin. Many other antimicro- 
bial agents were added (Fig. 1). Sensitivity studies 
on the original cultures and subcultures showed the 
organism to be sensitive to nitrofurantoin, strepto- 
mycin, and chloramphenicol. It was slightly sensi- 
tive to Terramycin and tetracycline. It was resistant 
to penicillin, Aureomycin, erythromycin, bacitracin, 
polymyxin and the sulfonamides. Agglutinations by 
the patient’s serum showed a negative reaction to 
paratyphoid A and B while the typhoid H and O 
was positive 1:20. Eleven additional cultures, the 
final one on April 15, 1957, were negative. 

A hemogram on February 5, 1957 revealed a white 
count of 5,850 with 77 per cent neutrophils, a hemo- 
globin of 14.2 gm. per cent, a hematocrit of 43 and a 
sedimentation rate of 25 mm. per hour. A roent- 
genogram of the chest on February 6, 1957 revealed 
some increase in the vascularity of the lungs and in- 
crease in the cardiac size. There was slight elevation 
of the right interlobar septum. The sedimentation 
remained consistently elevated and the C reactive 
protein showed a 4+ reaction. The antistreptolysin 
0 titer remained the same. There was a gradual de- 
cline in the hemoglobin and by April 16, 1957 it 
was 9.8 gm. Blood transfusions (three) begun at 


this time caused a gradual rise. The white count on 
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June 3, 1957 showed a rise to 11,500 with 76 per 
cent neutrophils. Serial x-rays revealed progressive 
enlargement of the heart, increased congestion of the 
lungs and suggestive enlargement of the liver and 
spleen. Repeat electrocardiograms were unchanged. 
The initial high temperatures subsided slowly but 
she continued to have a low grade fever with inter- 
mittent spikes. There was no definite response to 
any of the various antibiotics or to any combinations 
of the same. She progressively deteriorated although 
there were periods of temporary improvement. 
There was progressive weight loss and variable appe- 
tite. Spiking temperatures were associated with 
chills, nausea, weakness, malaise, dyspnea, pallor, 
cyanosis and profuse sweats. Puffiness of the ankles 
developed on March 20, 1957 and diarrhea on 
May 2, 1957. On May 16, 1957 she began to com- 
plain of pain and numbness in the left foot. The 
right lower extremity then became involved and 
numbness in the hands ensued. There were, in 
addition, tenderness of the calf muscles, coldness of 
the feet and a bilateral foot drop. She then com- 
plained of rectal pain, photophobia, distressing odors 
and blood-streaked sputum. The pain in the lower 
limb became unbearable and she manifested men- 
tal confusion, delirium, and difficulty in swallow- 
ing. Pulmonary edema developed and then a 
shocklike state with imperceptible pulse, subnormal 
temperature and a blood pressure of 70/50 mm. Hg. 
Frequent jerking movements occurred and respira- 
tion became labored. She died on June 5, 1957. 
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Fic. 2. View of the opened left atrium and mitral valve. 
Note the thrombus attached to the walls of the left 
atrium. 


Autopsy FInpInGs* 


Heart: The pericardium was diffusely, irregularly 
discolored red and red-purple and there were nu- 
merous fibrinous adhesions throughout. About 50 
cc. of slightly cloudy yellow fluid was present. Each 
pleural cavity contained 300 cc. of yellow fluid. 
The heart weighed 620 gm. There were fibrinous 
adhesions over most of the epicardium, especially 
over the left atrium and ventricle. The left atrium 
was irregularly dark red, red-purple and gray-white 
externally. The right atrium and ventricle were 
moderately dilated, the myocardium was homo- 


geneous. The tricuspid valve appeared normal. The 


chordae tendineae and papillary muscles were slightly 
thickened and the right ventricular myocardium was 
0.4 cm. thick. The pulmonary valve and artery were 
unremarkable. 

The greatest dimensions of the left atrium were 
11.5 by 9.2 by 6.6 cm. Filling the greater portion of 
the lumen was a friable, dull mass of varying shades 
of red and gray adherent to all luminal surfaces 
(Fig. 2). The mass did not extend into the pulmonary 
veins or mitral orifice. An irregular channel was 
present between the vessels and the mitral valve out- 
let. The mitral valve was 3.4 cm. in circumference 
and its greatest dimensions were 1.5 by C.3cm. The 
mitral annulus was very firm but there were no ver- 
rucae. It did not have the consistency of calcified 
tissue. The mitral leaflets were very short, thick 


* Autopsy was performed by Robert B. Klein, m.p., 
Cabarras Memorial Hospital, Concord, North Carolina. 


and resilient. The chordae tendineae were adherent 
to each other. The left ventricle was not dilated, 
the endocardium was smooth and the myocardium 
homogeneous. The myocardium was 0.6 cm. thick. 
The aortic valve was 6.2 cm. in circumference. 
The three cusps were minimally thickened but there 
was no alteration of the commissures. The aorta 
above the valve was smooth and glistening. The 
coronary arteries showed only occasional, white- 
yellow, slightly raised, firm intimal plaques. The 
aorta and some of the major arteries showed a few 
intimal plaques. These were more numerous in the 
abdominal segment of the aorta. One of the plaques 
was calcified. 

Lungs: The right lung weighed 750 gm. and the 
left 740. ‘The cut surfaces with the exception of the 
anterior were red, wet and glistening and dark red 
fluid could be expressed. Very firm dark areas up 
to 8 cm. in diameter which appeared wedge-shaped 
were present at the periphery, especially at the lower 
lobes. 

The liver weighed 1490 gm. and was red, mottled 
tan, firm and glistening. The gallbladder contained 
many yellow, multifaceted, friable stones up to 0.9 
cm. in dimension and 30 cc. of green viscid bile. The 
right kidney weighed 176 gm. and the left 164. The 
capsule was moderately adherent focally. The renal 
tissue in these areas was dull, depressed and somewhat 
nodular. The cortices were moderately hyperemic 
and 0.6 to 0.7 cm. thick. The adrenals were grossly 
unremarkable. The spleen weighed 430 gm. and the 
pulp was glistening, pale red and firm. The bone 
marrow was red-brown and glistening. The brain 
weighed 1,260 gm.; on fixation and section no gross 
abnormalities were noted. 

Microscopic examination revealed the following: The 
epicardium was covered by fibrin and numerous 
granulocytes along with a few vascularized fibrous 
adhesions. The underlying tissue showed numerous 
granulocytes and hyperemia. The myocardium of 
the ventricles had enlarged muscle bundles and nuclei. 
The aortic valve had a slight increase in fibrocolla- 
genous connective tissue in the annulus but the cusps 
were unremarkable. The mitral valve was similar 
in appearance but the leaflets were thickened by 
similar connective tissue in which there were several 
small endothelial lined spaces containing blood. 
Adjacent to this the connective tissue was slightly 
loose and free of leukocytes. The left atrial myo- 
cardium had numerous areas of fibrous tissue near 
the luminal surfaces. Within the lumen of the left 
atrium there was a mass of fibrin, blood elements and 
necrotic material (Fig. 2). The cut surface of this 
material was cultured and a gram-negative bacillus 
(Salmonella typhimurium) was obtained. The pe- 
riphery of the mass was composed of dense fibrocol- 
lagenous connective tissue which merged with the en- 
docardium, and fibrosis of the myocardium. The cor- 
onary vessels showed intimal hyalinized connective 
tissue but no luminal compromise or leukocytic exu- 
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date. The aorta showed minimal increase in hya- 
linized connective tissue. There was increase in the 
amount of elastic tissue in most of the major pul- 
monary arteries and within the pulmonary paren- 
chyma. 

The lungs showed numerous areas of hemorrhage in 
the alveoli and in some small bronchioles. Even 
more diffusely the alveoli were filled with amor- 
phous, eosinophilic material with no leukocytes. 
These showed a tendency to obscure the alveolar en- 
largement, clubbing of alveolar spurs and _ focal 
interstitial fibrosis. No vascular thrombi were 
noted. The hepatic sinusoids were widened and 
filled with blood especially in the central aspects of 
the lobules. In these areas some liver cells had small 
intracytoplasmic vacuoles while others contained a 
small amount of coarsely granular yellow pigment. 
Cells at the periphery of the lobule and in the portal 
areas were unaltered. The kidneys showed small 
indiscrete scars with some mononuclear cells and oc- 
casionally a hyalinized glomerulus. In the pelvic 
walls could be found lymphocytes, plasma cells and 
eosinophilic granulocytes. The splenic pulp was 
slightly hyperemic. Examination of the brain and 
peripheral nerves showed no alterations. 


COMMENTS 


A review of the literature by Stumpe and 
Barrody' for the years 1936 through 1950 re- 
vealed twenty-one reported cases of Salmonella 
endocarditis, all of which terminated fatally. 
From 1951 to 1956, seven additional cases of 
Salmonella endocarditis were reported.!?—‘ 
Of this entire group of twenty-eight patients since 
1936, only two survived.*§ 

Other reports of Salmonella endocarditis with 
recovery do not appear valid; there was insufhi- 
cient evidence in these cases to conclusively es- 
tablish the diagnosis of endocarditis. Gouley 
and Israel® in 1934 reported a case of Salmonella 
suipestifer complicated by endocarditis with 
spontaneous recovery. The diagnosis of endo- 
carditis was made on the development of ‘‘a mi- 
tral and aortic murmur”’ at the height of the fe- 
ver and the persistence of the mitral murmur af- 
ter recovery. Hines’? reported a case of bac- 
teremia due to Salmonella montevideo with a 
soft precordial systolic murmur before and after 
recovery. He suggested, without proof, that the 
murmur may have been due to endocarditis. In 
the cases of Salmonella endocarditis reported by 
Saphra® no information was furnished as to the 
source of the cases and detailed information 
about each case was lacking. No analysis of this 
group could be made. The remaining cases in 
the literature were analyzed and the incidence of 
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the offending species of Salmonella was as fol- 
lows: 


Salmonella suipestifer (choleraesuis)*.*.5.9 11 8 


Salmonella 3 
Salmonella 2 
Salmonella sp. (type Minnesota)!’. . . . . 1 
Salmonella sp. (type Fayed)'®......... 1 
Salmonella sp. (type Oranienburg)'.... 1 
Salmonella 1 
Salmonella sp. (type Sendai)*......... 1 
Site of Endocarditis: An effort was made to de- 


termine the frequency of preexisting valvular dis- 
ease and which valve or valves were most com- 
monly involved. In only fifteen of all the cases 
reported could this be evaluated, the others hav- 
ing insufficient information. Of these fifteen, 
eleven had some form of preexisting valvular dis- 
ease. Of the eleven, seven had rheumatic heart 
disease, five with mitral disease and two com- 
bined mitral and aortic disease; one had calcific 
aortic disease; two had a bicuspid aortic valve 
and one had syphilitic aortitis. The bacterial 
process involved one or both of the valves in the 
left side of the heart in ten of the eleven cases. 
In the remaining case there was involvement of 
the ventricular septum with perforation of the 
septum. 

There were three other cases**:'° in which the 
organism was revealed in a thrombus. In the 
first three cases® there was a sinus tract from the 
right atrium into the left ventricle with vegeta- 
tion and thrombi at each end. In the second 
case!” a thromus was attached to the apical 
surface of the mitral valve. In the third case‘ 
the organism was noted not only in a mural 
thrombus in the left ventricle but also in a myo- 
cardial scar secondary to an anterior myocardial 
infarct. In the present case report the throm- 
bus with its offending organisms was attached 
firmly to all walls of the left atrium. The in- 
ability of the therapeutic agent to reach the or- 
ganism is clearly illustrated by these four pa- 
tients. 

Treatment and Prognosis: The treatment of 
Salmonella endocarditis has thus far been unsat- 
isfactory. Four patients®!!’ failed to respond 
to sulfonamides. One patient’? was treated 
with sulfonamides in combination with strepto- 
mycin without apparent benefit. One received 
penicillin and streptomycin and one received 
penicillin, tetracycline and chloramphenicol 
without effect.4 In three cases'?.!® in which 
chloramphenicol was used there was no detect- 
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able clinical response although in vitro studies 
showed the organism to be sensitive to the drug. 
In these same patients, penicillin in varying 
amounts was used prior to or in association with 
the chloramphenicol without apparent effect. 

McFadzean and Chi-To* reported a case of 
Salmonella endocarditis with recovery. The 
diagnosis appeared reasonably established in that 
the patient had a combination of rigors, high 
fever, petechiae, a harsh aortic systolic murmur 
with a thrill and positive blood and marrow 
cultures. He was treated with penicillin and 
chloramphenicol. He became asymptomatic 
and afebrile seven days after beginning the 
penicillin therapy and three days after starting 
chloramphenicol. Boger?® noted that the Sal- 
monella typhosa organism could be killed with a 
penicillin dosage of 25 units per cc. in vitro. 
He suggested the use of this drug in combination 
with Benemid® in the treatment of typhoid 
fever rather than the use of chloramphenicol. 
Rich and St. Mary® reported a nonfatal case of 
Salmonella endocarditis in which the offending 
organism was S. choleraesuis. The patient was 
known to have rheumatic mitral valve disease. 
Treatment with a variety of antibiotics was with- 
out benefit. The patient then received poly- 
myxin and penicillin for several weeks during 
which time he became afebrile. 

Apparently there have been no other cures of 
Salmonella endocarditis regardless of the thera- 
peutic agent. Our experience parallels that of 
the other authors in that the patient died despite 
intensive therapy with numerous antibiotics to 
which the organism was shown to be sensitive 
in vitro. 


SUMMARY 


The case of a forty-one-year old white woman 
with fatal Salmonella endocarditis is presented. 
The occurrence of Salmonella endocarditis is rare 
with only twenty-eight cases reported from 1936 
through 1959. In the majority of cases there 
was some form of pre-existing valvular disedse. 
The results of therapy remain unsatisfactory with 
only two known survivors. One of the difficul- 
ties of therapy is illustrated by the present case 
report. After therapy was instituted blood 
cultures were consistently negative. In vitro 
studies revealed the organism to be sensitive to 
several therapeutic agents. Despite this, Sal- 
monella typhimurium was readily cultured from 
the left atrial thrombus at autopsy. Inability of 


the therapeutic agent to reach the organism 
appears to be the major difficulty. 
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Phasic Respiratory Paroxysmal 
Auricular Tachycardia’ 


Sicrripo MONTELLA, M.D. 


Milan, Italy 


NE OF THE FUNDAMENTAL features of 
paroxysmal tachycardia is the tendency 
to recurrent attacks, the onset of which is often 
related to well defined stimuli. These stimuli 
are, in general, of a reflex nature and may 
have their origin in extracardiac organic dis- 
orders but in most cases they are of a functional 
nature. Indeed, cases of paroxysmal tachy- 
cardia following emotional stress, dreams, 
changes in posture,' voluntary maneuvers” 
and even, paradoxically, vagus stimulation 
(Valsalva maneuver’ or carotid sinus pressure®) 
are known. In exceptional instances normal 
physiologic phenomena such as the periodic 
alternation of respiratory phases are sufficient 
stimuli to induce paroxysmal tachycardia. 
The first case of paroxysmal tachycardia 
related to normal phases of respiration was 
described by Leigh in 1950.4 This was a 
benign but persistent case of paroxysmal 
auricular tachycardia related to the inspiratory 
phase; it was unaffected by digitalis and 
quinidine. Katz and Pick® later reported an 
electrocardiogram in which the relationship 
between anomaly of the rhythm and respiratory 
phase was clearly demonstrated. No other 
similar reports have been noted in the literature. 
This report describes a case of phasic respira- 
tory paroxysmal tachycardia in which the 
arrhythmia responded to treatment with digitalis 
and quinidine but recurred as soon as the treat- 
ment was discontinued. Moreover, in this 
case vagus stimulation occasionally elicited 
a paradoxical response. 


CasE REPORT 


C. M., a fifty-two year old woman, was first seen 
on September 19, 1959. Her past history was non- 
contributory except for mild rheumatoid arthritis of 
five years’ duration and symptoms of menopause for 
two years. On the date of first examination she 


complained of dyspnea on exertion, fatigue and pal- 
pitation, at times accompanied by a fleeting sensa- 
tion of choking or pounding in the chest. These 
symptoms had begun four months prior to the ex- 
amination but they were not severe and the patient 
was able to continue her work. There was no history 
of paroxysmal nocturnal dyspnea and there were no 
symptoms of congestive heart failure. 

Physical examination revealed a moderately obese 
woman essentially normal except for signs of rheu- 
matoid arthritis and the abnormal cardiac rhythm. 
Blood pressure was 130/70 mm. Hg. Respiratory 
rate was 16 per minute. Pulse was 100 per minute 
and irregular. The precordium was quiet; the 
heart sounds were normal and the heart size was 
normal on physical examination and fluoroscopy. 

The electrocardiogram (Fig. 1A and B) revealed a 
complex arrhythmia consisting of a series of short 
bursts of paroxysmal auricular tachycardia recurring 
in a phasic sequence; onset and termination were 
related to the beginning and end of inspiration. Each 
burst began with a premature complex and ended 
abruptly with a compensatory pause. The atrial 
rate during the paroxysm was 240 per minute; 
ventricular rate was slightly irregular and varied 
from 120 to 150 per minute (2:1 atrioventricular con- 
duction). The ventricular complexes were normal. 
Between the runs of tachycardia normal sinus rhythm 
was present at a rate of 83 per minute. 

The patient was given 0.5 mg. digoxin daily for 
six days and then increasing doses of quinidine from 
0.2 gm. to 1 gm. daily. She was seen again fifteen 
days later, on October 5, 1959, and reported no symp- 
toms except for slight gastric intolerance to quinidine. 
An electrocardiogram taken on that date (Fig. 1C) 
revealed a sinus rhythm with occasional auricular 
premature systoles. Various maneuvers, including 
forced inspiration, Valsalva maneuver and changes in 
posture, failed to elicit any ectopic rhythm. 

On October 27, 1959 the patient reported re- 
currence of palpitation on exertion after she had been 
forced to discontinue therapy because of intolerance 
to quinidine. An electrocardiogram on this date 
(Fig. 2) again showed an arrhythmia consisting of 
short runs of tachycardia synchronous with inspira- 


* From the Department of Medicine “Carati,’’ Ospedale Maggiore di Niguarda, Milan, Italy. 
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614 Montella 
Fic. 1. Records A and B were taken on September 19, 1959 and are respectively lead 1 and aVF. Atrial complexes 


labeled P are sinus in origin, whereas those labeled P’ are ectopic. The sequence of paroxysmal auricular tachycardia 
related to normal inspiration is best seen in lead aVF. The record begins with a compensatory pause and two normal 
beats (expiration) followed by a short run of tachycardia which begins prematurely and ends abruptly (inspiration). 
This phenomenon recurs at each inspiration. Record C (lead 11) was taken on October 5, 1959 after treatment with 
digitalis and quinidine. There is normal sinus rhythm with rare premature auricular systoles not influenced by 
respiratory maneuvers. 


Fic. 2. The tracing (lead 11) was taken on October 27, 1959 after all therapy was discontinued. Record A: a run of 
auricular tachycardia begins with a forced inspiration (1st arrow); normal sinus rhythm persists during breath-holding 
and expiration (2nd and 3rd arrows); the ectopic rhythm recurs with the following normal inspiration. Record B: 
short bursts of paroxysmal auricular tachycardia related to voluntary rapid respiration. Record C: paroxysmal au- 
ricular tachycardia following carotid sinus pressure (arrow). 


of ectopic rhythms. Even in healthy subjects 
the onset of sporadic ventricular extrasystoles 
may be observed during or after deep inspira- 
tion. Forced inspiration and other respiratory 
maneuvers may induce more complex forms of 
ectopic rhythms such as auricular fibrillation,’ 
auricular flutter, paroxysmal nodal _tachy- 
cardia, atrial and ventricular bigeminy and 
the Wolff-Parkinson-White syndrome.*® 


tion. Deep inspiration induced a longer run of, 
tachycardia whereas during the breath-holding follow- 
ing forced inspiration normal sinus rhythm was main- 
tained; paroxysmal tachycardia reappeared with 
normal inspiration (Fig. 2A). Voluntary rapid 
respiratory movements elicited shorter bursts of 
tachycardia (Fig. 2B). Eyeball pressure induced a 
transient suppression of the arrhythmia, whereas 
pressure on both carotid sinuses immediately pre- 
cipitated a paroxysm of tachycardia which persisted 


throughout the maneuver (Fig. 2C). 

The patient was given digoxin 0.5 mg. daily but 
the treatment was discontinued after one week. On 
November 14, 1959 the arrhythmia was unchanged. 


CoMMENTS 


Both clinical and experimental observations 
have firmly established that stimuli arising in 
the respiratory tract can induce different forms 


In the instance of paroxysmal auricular 
tachycardia, deep inspiration is a maneuver 
which is widely used to stop the paroxysm of 
tachycardia.* Nevertheless, cases have been 
reported in which such a maneuver has pre- 
cipitated attacks of paroxysmal tachycardia.” 
The arrhythmia observed by us differs from 
these reported because of its synchronism 
with the normal respiratory phases. Con- 
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sequently, it must be assumed that the arrhyth- 
mia was induced by normal physiologic stimuli. 

In phasic respiratory paroxysmal tachycardia 
the runs of tachycardia are directly related to 
inspiration so that short voluntary inspiratory 
movements elicit short bursts of tachycardia 
whereas during breath-holding the arrhythmia 
is absent. In these respects this arrhythmia 
resembles respiratory sinus arrhythmia. It 
demonstrates, as pointed out by Katz and Pick,® 
that on occasion the periodic variations of the 
tone of the autonomic nervous system related 
to the phases of respiration may influence 
impulse formation in ectopic foci. This prob- 
ably happens because of an extreme sen- 
sitivity of the ectopic focus to otherwise in- 
effective stimuli. The mechanical factor of 
dilatation of the right atrium during inspira- 
tion may have enhanced this particular sen- 
sitivity to nervous stimuli. 

Since, in our patient, no organic abnormalities 
were detectable we must assume that a func- 
tional basis for the onset of paroxysmal tachy- 
cardia was present in the atrial tissue and that 
this arrhythmia may be precipitated either by 
subminimal stimuli (increased sympathetic tone 
related to inspiration) or more intense stimuli 
(emotions, effort). 

The onset of a longer attack of paroxysmal 
auricular tachycardia following carotid sinus 
pressure, a phenomenon noted by other ob- 
servers,’ is difficult to interpret but is more 
readily understandable since Scherf’s'"' demon- 
stration that intense vagus stimulation following 
topical application of aconitine in the dog’s 
heart may lead to this ectopic rhythm. 


SUMMARY 


A patient with phasic paroxysmal auricular 
tachycardia related to normal inspiration is 
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described. This arrhythmia was fairly well 
tolerated, and responded to treatment with 
digitalis and quinidine but recurred as soon 
as the treatment was discontinued. Carotid 
sinus pressure occasionally elicited an attack of 
paroxysmal auricular tachycardia. 
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Diagnostic Shelf 


Double Apical Impulse as a Sign 


of Aortic Aneurysm’ 


Apo A, LUISADA, M.D., F.A.c.c., and R. REICH, M.D. 


Chicago, Illinois 


oman with known heart disease since 1952 
has been followed in the Dermatology Clinic 
for over ten years because of repeatedly positive 
serologic tests for syphilis (both in the blood 
and spinal fluid). She has been maintained with 
digitalis and diuretics since 1952. 

In October 1959, she was admitted with 
congestive failure. X-ray films of the chest 
revealed a shadow in the upper left medias- 


bie CASE OF a sixty-three year old Negro 


tinum. On fluoroscopy this shadow presented - 


an expansile pulsation. Angiocardiography 
demonstrated a large saccular aneurysm of the 
ascending aorta with large clot formation. 

The patient was readmitted in May 1960 
with intractable heart failure and with symp- 
toms of loss of weight, pain in the left side of the 
neck and shoulder and hoarseness. 


PHYSICAL EXAMINATION 


The patient appeared cachectic and was in ~ 


acute distress because of pain and orthopnea. 
The neck veins were distended and showed poor 
pulsations. There was a marked enlargement 
of the heart both to the right and left. A bulge 
was noted in the upper left anterior aspect of 
the chest. The blood pressure was 130/60 mm. 
Hg; the pulse was 50 andirregular. Heart: The 
apical thrust was in the sixth left intercostal 
space at the anterior axillary line and seemed 
reduplicated. One impulse was felt in early 
systole and one in diastole. A grade 2 systolic 
murmur and a grade 3 diastolic murmur were 
audible at Erb’s point, the former radiating 
toward the neck, the latter toward the xiphoid 
process. ‘The radial arterial pulses were present 
and equal. There was a very large and tender 


liver and a positive hepatojugular reflux. 
There was no pedal edema. 

The diagnosis was syphilitic aortitis, aortic 
insufficiency and aneurysm of the thoracic aorta. 


LABORATORY DATA 


The blood count was: hemoglobin, 10.5 gm. 
per 100 ml.; red blood cells, 3.6 million per 
cu.mm.; hematocrit, 36.5 per cent; white blood 
cells 6,000 per cu. mm. Serology revealed 
VDRL, 3+, 4+; Wassermann 3+, 4+. 
Urinalysis revealed albumin 1+, occasional 
hyaline casts. Blood chemistry showed total 
protein 7.2 gm., albumin 2.7 gm., globulin 4.5 
gm., blood urea nitrogen 16 mg., glucose 106 
mg., cholesterol 179 mg., bromsulfalein, 58 per 
cent. 


GRAPHIC STUDIES 


Electrocardiogram: The tracing showed atrial 
fibrillation and left ventricular hypertrophy 
and strain. 

Phonocardiogram: A diamond-shaped systolic 
murmur of moderate amplitude was recorded 
over the base. An early diastolic murmur in 
decrescendo was present at Erb’s point with 
downward transmission (Fig. 1, upper tracing). 

Low Frequency Tracing of the Apex: A very 
unusual type of tracing was obtained (Fig. 1, 
middle tracing). A sharp, peaked, rapid, 
positive thrust occurred in early systole. This 
is the ‘‘apical thrust.” Its sudden rise and 
rapid collapse is similar to that noted by French 
cardiologists of the past century in aortic in- 
sufficiency, the “choc en déme.” However, 
following the second sound there was a rapid 
rise with a further slower rise which culminated 


* From The Chicago Medical School, Division of Cardiology, Chicago, Illinois. 
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Double Apical Impulse as Sign of Aortic Aneurysm 


Fic. 1. 
mur). 
diastolic pulsations). 


Above, phonocardiogram at Erb’s point (systolic and diastolic mur- 
Center, low frequency tracing at apex (rapid systolic and slower 
Below, electrocardiogram. Time=0.1 second. A, 


recorded at 25 mm. per second; B, 50 mm. per second. 


in mid-diastole. This second, diastolic impulse 
was at times higher than the systolic. Its 
return to the baseline was also slow and occasion- 
ally was interrupted by the subsequent apical 
thrust. 

This behavior serves to differentiate the 
diastolic pulsation from the most common wave 
of rapid filling, which never overshadows the 
systolic thrust and which would occur earlier. 
The condition of aortic insufficiency would 
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cause an even earlier appearance of the phase 
of rapid filling. Moreover, a singular phenom- 
enon was observed; the diastolic wave was 
severely affected by respiration and at times 
completely disappeared. 

It was concluded that the diastolic pulsation 
was caused by the rebound of the aneurysm, a 
physical sign which was described by Hope 
over a hundred years ago. Graphic documen- 
tation of this phenomenon is rare. 
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Progress Notes in Cardiology 


Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


Percutaneous Aortocerebral Angiography 


R SEVERAL YEARS there have been sporadic 
| pti of various methods of radiographic 
visualization of individual branches of the 
aortic arch. However, there are only two 
previous reports of complete visualization of 
these vessels plus the cerebral arteries (total 
cerebral angiography). Both these methods 
depended on intravenous injections of large 
amounts of contrast material. 

Previous attempts to standardize and simplify 
aortocerebral angiography have been unsuccess- 
ful. Either too little (or too dilute) contrast 
material was delivered for adequate study or 
else too strong (and dangerous) a solution 


would be required for vessels leading to the 


brain. 

Drs. Goffredo G. Gensini and Arthur Ecker 
(Cardiopulmonary Laboratory, St. Joseph’s 
Hospital, Syracuse, New York) have devised 
a modification of the Seldinger technic which 
was especially adapted to the anatomy and 
hemodynamics of the arch of the aorta and its 
branches leading to the upper limbs and 
brain. Their method was based upon the 
pattern of blood flow in the arch of the aorta as 
demonstrated by contrast material 
radiographs of cases undergoing visualization of 


in (1). 


the coronary vessels; (2) in glass models; 
and (3) in cinefluorographic studies of patients 
suspected of having cerebral arteriosclerosis. 
The basic features of the method are that it is 
performed with local anesthesia by percutaneous 
puncture of the femoral artery for insertion of a 
plastic catheter. The catheter is advanced 
under fluoroscopic control to the arch of the 
aorta. Then the contrast medium is injected 
while serial radiographs or motion pictures 
are made. 

This method is useful in cases suspected of 
having aneurysm, stenosis, occlusion, malforma- 
tion or displacement of the affected vessels. 
It is useful in studying the rates of blood flow 
within individual areas of the entire brain. 
In experienced hands it is safe, reliable and 
causes the patient little discomfort. A single 
puncture and single injection results in radio- 
graphic visualization of the arch of the aorta, 
its branches, all the cerebral arteries, cerebral 
veins and jugular veins. 

This method has been done in a series of 
fifty-four successful injections in eighteen suc- 
cessive clinical cases without mortality or per- 
sistent morbidity and with minimal discomfort 
to the patient. 


Suprasternal Thoracic Aortography 


rs. J. STAUFFER LEHMAN, William M. 

Lemmon, Randal A. Boyer and Edward 
A. Fitch (Departments of Radiology and 
Thoracic Surgery, Hahnemann Medical Col- 
lege and Hospital, Philadelphia) describe a 
method of achieving radiologic opacification of 
the thoracic aorta employing a needle puncture 
procedure. The needle is introduced percu- 
taneously in the midline at the base of the 
neck just above the sternum and then advanced 
to penetrate the ascending aorta. Further 


advancement positions the needle tip just above 
the level of the aortic valve cusps. With the 
needle so positioned, 30 to 40 cc. of high con- 
centration radiopaque substance is rapidly 
injected. Emphasis is placed upon contrast 
electrocardiographic and pressure monitoring 
during the needle insertion and manipulation. 
The principal hazards are inadvertent in- 
tramural injection of the radiopaque agent into 
the aortic wall, and bleeding from the site 
of aortic needle puncture or needle laceration. 
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Aortic bleeding evidenced by widening of 
the superior mediastinum was observed on a 
number of occasions. Among the 110 attempts 
at suprasternal thoracic aortography there 
were thirty-two failures, of which twenty-six 
were due to inability to effect aortic needle 
penetration. 

The procedure was primarily performed for 
the following purposes: evaluation for aortic 
valvular insufficiency, coronary arteriographic 
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studies, and evaluation for patent ductus arter- 
iosus. 

The authors describe fifty-three additional 
cases, including one fatality in the entire series. 
This fatality was caused by uncontrollable 
aortic bleeding. They conclude that the haz- 
ard of aortic bleeding is sufficiently serious to 
invalidate any “routine” employment of the 
suprasternal technic for aortography or coro- 
nary arteriography. 
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Book Reviews 


Electrocardiography: Principles and Prac- 
tice, by Ernest Bloomfield Zeisler. Login 
Brothers, Chicago, 1960, pp. 374. 


Some textbooks on electrocardiography sacri- 
fice validity for oversimplification and promul- 
gate dogmas, errors and misconceptions. Dr. 
Zeisler attempts instead a more critical consider- 
ation of some important problems in electro- 
cardiography. Some of his analyses involve 
careful study of the original work and full 
discussion down to minute details. This is a 
welcome departure even if one is compelled to 
point out a few serious defects in some of the 
excellent chapters. 

There are a number of diagrams but no 
illustrations of electrocardiograms. In order 
to follow many of the author’s discussions the 
reader will have to obtain the original papers. 

The author defends the empirical approach. 
He argues against a resultant vector in the 
body, the unipolarity of the V leads and the 
possibility of determining cardiac position from 
the electrocardiogram. He discusses the limi- 
tations in the diagnosis of ventricular hyper- 
trophy and infarction, and he reviews theories of 
mechanism of the Wolff-Parkinson-White syn- 
drome. He concludes that reciprocal rhythm 
and retrograde conduction to the atria from ven- 


tricular premature systoles occur not at all or. 


only rarely. He presents a classification of 
heart block with five degrees. He reviews the 
theories of mechanism of atrial fibrillation and 
flutter. Spatial vectorcardiography is disposed 
of in less than a page as a fad with the prediction 
that it will not prove clinically useful. The 
chapters on hypertrophy, infarct and Wolff- 
Parkinson-White syndrome are the best. 

The chapter on the physical basis of electro- 
cardiography says nothing about the fascinating 
and basic new studies with microelectrodes in 
individual myocardial fibers. The chapter on 
the normal electrocardiogram is inadequate; 
ranges of normal are given without data on 
distribution or frequency of deviations from 
these values in healthy people. There are 
limited data for children. The whole question 


of distinguishing normal in the statistical sense 
from normal in the sense of healthy, so important 
in electrocardiography, is barely touched. 

The author’s discussion of what he believes 
to be serious errors in other texts is valuable. 
If his book accomplishes no more than to call 
attention to prevalent misconceptions about 
the relation of the electrocardiogram to cardiac 
position, it will serve a useful purpose. Some- 
times one wishes though that he would drop the 
polemics with other texts to take on more 
formidable adversaries. The attack on Wil- 
son’s concepts is more an attack on what some 
texts say than a detailed critique of Wilson’s 
and other relevant studies. There is more 
reference to other texts on the subject of the 
resultant dipole than to some important recent 
basic studies. 

A principle of least difficulty in the interpre- 
tation of the arrhythmias is, according to the 
author, presented here for the first time. It 
is the reviewer’s impression that something 
similar to such a principle must have been 
applied to the analysis of the first clinical 
and all subsequent arrhythmias. Some readers 
may question whether the principle has been 
applied in the author’s discussion of reciprocal 
rhythm, retrograde conduction to the atria 
from ventricular premature systoles and retro- 
grade conduction in A-V block. 

Perhaps the author attempted too much. 
It may be impossible in 342 pages “‘to simplify 
the subject and to make it accessible and useful 
to the the medical student, the general internist, 
the cardiologist and the electrocardiographer” 
and, at the same time, undertake full discussion 
‘“‘with analysis of all the arguments on both 
sides.” Medical students and others with a 
general interest will probably avoid the book 
as an introduction to electrocardiography or as 
a main reference, largely because of the absence 
of illustrations. More serious students of 
electrocardiography should find the book pro- 
vocative and ‘interesting; careful study of the 
author’s arguments alongside the original papers 
is worth while. ALBERT D. KIsTIN, M.D. 
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Transactions of the American Society for 
Artificial Internal Organs, vol. 6, edited by 
George E. Schreiner. Georgetown University 
Press, Washington, D. C., 1960, pp. 380, $8.00. 

This volume deals almost exclusively with 
artificial organs for the replacement or supple- 
mentation of natural functions. It includes a 
unique collection of semiformal papers pre- 
sented before a forum of surgeons, internists, 
physiologists and engineers in April 1960. 
Not only are the original reports printed in full, 
with all relevant tables and figures, but the 
discussions, vivid and sometimes highly in- 
formative, have been edited from tape record- 
ings so as to keep the air of spontaneity which 
characterizes these meetings. 

Four sections can be recognized: the first, 
which concerns external dialysis and experience 
with the artificial kidney, is probably the most 
interesting. It demonstrates conspicuous prog- 
ress in a field that many had come to consider 
as stagnant. This section includes discussions 
of concepts and parameters of permeability, 
descriptions of new technics, such as pulmonary 
lavage, ultrafiltration of ascites and permanent 
cannulation for hemodialysis, as well as reports 
of successful application of the artificial kidney 
for as long as six months. 

The second section deals with heart lung 
bypass. It seems that the interest for normo- 
thermic perfusions has somewhat subsided, be- 
cause the problems involved in today’s applica- 
tions have been empirically solved. Most 
contributions are concerned with partial per- 
fusion technics for circulatory assistance, deep 
hypothermia by blood stream cooling, cardiac 
metabolism and cardiac arrest. 

The section related to implantable artificial 
organs show a new upsurge of ideas. Valves 
have been devised which can be made to hold 
permanently and pumps will soon follow them. 
The last section covers technicalities of monitor- 
ing systems for extracorporeal circulation and 
design and application of new monitoring de- 
vices. 

The volume as a whole is a real mine of 
information for all clinicians and _ scientists 
concerned with extracorporeal circulation. Not 
the least of its merits is the editor’s success in 
making these papers available within three 
months after their presentation. These trans- 
actions embody the most up-to-date information 
in the field and straight from the horse’s mouth, 
as one might say. 

PreRRE M. GALLETTI, M.D., PH.D. 
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Electrocardiographic Techniques. A Manual 
for Physicians, Nurses and Technicians, by 
Kurt Schnitzer. Grune and Stratton, Inc., 
New York, 2nd Ed., 1960, pp. 109, $4.75. 


This handy, little, how-to manual, which has 
been revised and enlarged, should help its 
readers to eliminate artefacts and _ record 
better electrocardiograms. Simply written, it 
admirably serves its purpose. 

The printing is marred by several typographi- 
cal errors. For example, the second ¢ in 
electrocardiographic has disappeared. Elsewhere, 
some unaesthetic printing debris detracts from 
the otherwise attractive type and layout. 


RAYMOND HArRISs, M.D. 


RECEIVED FOR REVIEW 


All books received will be acknowledged in this 
column. As space permits, books of special interest will 
receive more extensive reviews. ; 


Verhandlungen der Deutschen-Gesellschaft fiir 
Kreislaufforschung. Die Therapie der Herzkrank- 
hieten, by Rudolf Thauer. Dr. Dietrich Steinkopff 
Verlag, Darmstsdt, 1960, pp. 372. 


Quantitative Phonokardiographie. Am Beispiel der 
respiratorischen und pressorischen Schwankungen 
der Herztiatigkeit, by Paul Heintzen. George Thieme 
Verlag, Stuttgart, pp. 187, $6.20. 


Current Therapy, edited by Howard F. Conn. W. B. 
Saunders Company, Philadelphia, 1961, pp. 806, $12.50. 


These pour le Doctorat en Medecine. Contribution 
a L’Etude des Ruptures Spontanees des Piliers 
du Coeur, by Elie S. S. Seroussi. Faculte de Medecine 
de Paris, 1960, pp. 88. 


Index-Handbook of Cardiovascular Agents. Vol. 
2 (1951-55). Parts 1, u, by Isaac D. Welt, National 
Academy of Sciences—National Research Council, 
1960; Parti, pp. 917; Part pp. 649. 


Surgical Diseases of the Chest, edited by Brian Blades. 
C. V. Mosby Company, St. Louis, 1961, pp. 580, $22.00. 


Pharmacology. The Nature, Action and Use of 
Drugs, second edition, by Harry Beckman. W. B. 
Saunders Company, Philadelphia, 1960, pp. 805, $15.50. 


Fetal Electrocardiography. The Electrical Activity 
of the Fetal Heart, by Saul David Larks, Charles C 
Thomas, Springfield, 1961, pp. 108, $6.50. 


Cardiovascular Dynamics, second edition, by Robert 
F. Rushmer. W. B. Saunders Company, Philadelphia, 
1961, pp. 503. 
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College News 


President’s Column 


E COLLEGE HAS a number of different kinds 
he workshops, but one that appeals to me 
very much is one that I call ‘‘office cardiology.” 
Many years ago while visiting in London, I had 
the opportunity of spending an afternoon in the 
office of Dr. William Evans, the distinguished 
London cardiologist. I learned much watching 
him handle his office problems and when our 
College advanced the workshop idea, under the 
direction of Dr. Joseph B. Wolffe, this type of 
observation seemed to me to be a good idea for a 
new kind of workshop. 

I have found that the practicing cardiologist is 
very interested in all the details of the manage- 
ment of a private practice devoted to cardiology. 
These include methods of history-taking, man- 
ner of contact with the patient and how much 
of that contact may be delegated, the laboratory 
procedures done routinely, methods of mounting 


and filing electrocardiograms and even such. 


rather simple things as whether the cardiologist 
opens his own mail or has his secretary do it. 

It is only by the mutual exchange of ideas and 
close personal relationship that the practice of 
cardiology can be improved. My hope is that 
this type of workshop can be extended through- 
out the country, so that many of our members 
can profit from it. 

By this time you will have all received the 
program of the New York Annual Meeting. 


I am particularly pleased that we are able this 
year not only to have a fine program, but we 
have been able to have an abstract supplement 
to the scientific program due to the support by a 
grant of the Purdue Frederick Company. 
This is something that I have long thought about 
and wanted to do, and I think it will add greatly 
to the success of the Meeting. As you have 
noted in the program there will be many high- 
lights and I want to mention a few at this time. 

Although notice was fairly short, I have been 
particularly pleased at the wonderful response 
to the Young Investigators’ Award. Twenty- 
two projects have been submitted. This Award 
was aided by a grant from the Roche Labora- 
tories. 

The opportunity to invite a Guest Lecturer 
from overseas is a unique privilege for the Col- 
lege and we will be happy to welcome Sir F. 
Horace Smirk from New Zealand. Geigy 
Company has given this Lecture its interest and 
support. 

One of my old friends, whom I consider one of 
the finest speakers in the United States, Dr. 
Norman Vincent Peale, will address our banquet. 

These are only a few of the many interesting 
events at the Meeting and I look forward to 
greeting you all in New York. 

Louis F. BisHop, M.D. 
President 
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AMERICAN COLLEGE OF CARDIOLOGY 


Tenth Annual Meeting 


May 17-20, 1961, Biltmore Hotel, New York, New York 


Scientific Program 


Investigators Session 


Wednesday, May 17, 9:00 a.m.-12:00 p.m. 


SYMPOSIUM ON 
METHODS OF MEASUREMENT OF OXYGEN IN BLOOD 


Co-Chairmen: RicHARD GoRLIN, M.D., Boston, 


Mass. 
JoHNn L. PATTERSON, M.D., 
Richmond, Va. 


1. Introductory Remarks. 
RICHARD GoORLIN, M.D., and Joun L. 
PATTERSON, M.D. 

2. Spectrophotometric Method. 
ABRAHAM M. RANDOLPH, M.D., New York, 
N. Y. 

3. Cuvette Oximetry. 
Wn. SuTTERER, M.D., Rochester, Minn. 
and Eart H. Woop, m.p., Rochester, 
Minn. 

4. Oxygen Tension by the Bubble Method. 
SOLBERT PERMUTT, M.D., Denver, Colo. 

10:40 a.m.—Intermission 

5. Polarography: Oxygen Electrode in Vitro. 
GeorGE PoLcGar, M.D., Philadelphia, Pa. 

6. Polarography: Oxygen Electrode in Vivo. 
Sami Saip, M.D., Richmond, Va. 

7. Gas Chromatography. 
Jay GoopKIND, M.D., New Haven, Conn. 


Young Investigators’ Award 


Wednesday, May 17, 9:00 a.m.—12:00 p.m. 


Presentations for the Young Investiga- 
tors’ Award of the American College of 
Cardiology. 


First Scientific Session 


Wednesday, May 17, 2:00-5:30 p.m. 
Chairman: E. Grey Dimonp, M.D., President 
Elect. 


APRIL 1961 


Chairman: 


1. President’s Address. 

Louts F. BisHop, M.D., President. 

2. A New Method of Estimating Myocardial 
Blood Flow in Coronary Disease. 

HOLLANDER, M.D., IRvinc M. 
MaporfF, M.D. and ARAM V. CHOBANIAN, 
Boston, Mass. 

3. Measurements of the Total Coronary Blood 
Flow. 

Davin W. Irvinc, M.D. and 
Corpay, M.D., Los Angeles, Calif. 

4. The Cerebral Circulation in Cardiovascular 
Disease. 

Novack, M.D., BERNARD GOLUBOFF, 
M.D., HENRY A. SHENKIN, M.D., FER- 
NANDO A. MENDOzA, M.D., DeE- 
ARMAS, M.D., GIAMPIERO BARTOLUCCI, 
M.D. and AHMED UsMAN, M.D., Philadel- 
phia, Pa. 

5. Problems in the Use and Evaluation of 
Measures to Lower Serum Cholesterol. 

Maurice M. Best, M.D. and CHARLEs H. 
Duncan, M.D., Louisville, Ky. 

6. The Practical Significance of the Radio- 
active Fat Tolerance Test and Its Relation 
to Current Therapy for Hypercholestero- 
lemia. 

DonALD BERKOWITZ, M.D., JoHN J. Sprt- 
ZER, M.D. and WILLIAM LIKOFF, M.D., 
Philadelphia, Pa. 


3:30 p.m.—Intermission 


Rosert LEs.ig, M.D., Vice Presi- 
dent. 


7. Hypercholesterolemia, A Study in Its Eti- 
ology and Why It Is Influenced by Dietary 
Vegetable Oils. 

Wa ter L. Evans, M.D., WILLIAM B. 
RAWLS, M.D., CHARLES MISsTRETTA, M.D., 
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FRANK D’ALESSANDRO, M.D., DIONISIO 
CaLosA, M.D. and Exias TAwIL, M.D., 
New York, N. Y. 
8. Dietary and Lipid Studies in Seventh-Day 
Adventists. 
RicHArRD T. WALDEN, M.D., Loma Linda, 
Calif., ABRAHAM SUNSHINE, M.D., LouIs 
E. SCHAEFER, M.D. and ERNEST WyYNDER, 
m.D., New York, N. Y. 
9. The Problem of Hidden Myocardial In- 
farction. 
STEPHEN R. ELeEK, M.D., Los Angeles, 
Calif. 

10. The Use of Steroids in Heart Block. 
Myron PRINZMETAL, M.D. and REXFORD 
KENNAMER, M.D., Los Angeles, Calif. 

11. Evaluation of Currently Used Agents in the 
Treatment of Angina Pectoris by Means of 
the Master Two-Step Test. Peritrate, Car- 
dilate, Isordil, MAO Inhibitors and Mer-29. 

Henry I. Russek, M.p., Staten Island, 
N. Y. 

12. Long Survival Following Myocardial In- 
farction. Report on 255 Patients Living 
Ten Years or Longer After the First Attack. 

Louris H. Sicier, M.pD., Brooklyn, N. Y. 


Fireside Conferences 


Wednesday, May 17, 8:30-10:30 p.m. 

1. Arrhythmias and Their Management. 
SAMUEL BELLET, M.D., Moderator, Phila- 
delphia, Pa., Smon Dack, m.pd., New 
York, N. Y. and Gorpon K. Mog, m.p. 
Utica, N. Y. 

2. The Present Status of Fibrinolysins in Prac- 

tice. 
Eucene E. CiirFTon, M.D., Moderator, 
New York, N. Y., JuLIAN AMBRUSE, M.D., 
Buffalo, N. Y., KENNETH M. Moser, 
M.D., Washington, D. C. and Irwin Ny- 
pick, New York, N. Y. 

3. The Management of Angina Pectoris. 
Eviot CorpaAy, M.D., Moderator, Los 
Angeles, Calif., FRANcIs CHAMBERLAIN, 
M.D., San Francisco, Calif., and RicHARD 
S. Cosby, M.p., Pasadena, Calif. 

4. The Surgical Management of Extracranial 

Arterial Occlusive Disease. 
E. DeBAKey, m.p., Houston, 
Texas and MILLER FIsHER, M.D., Boston, 
Mass. 

5. Problems in Vector-Electrocardiography. 
STEPHEN R. ELEK, M.D., Co-moderator, 
Los Angeles, Calif., ARTHUR GRISHMAN, 
M.D., Co-moderator, New York, N. Y., 


JoHN A. OSBORNE, M.D., Vancouver, 
B. C. and Tuomas J. m.D., St. 
Louis, Mo. 

6. Anticoagulant Therapy in Thrombo-Em- 

bolic Disease States. 
T. Fo.ey, M.p., Moderator, New 
York, N. Y., E. STertinc NICHOL, M.D., 
Miami, Fla. and BENJAMIN MANCHESTER, 
M.D., Washington, D. C. 
7. Advantages and Disadvantages in the Sur- 
gical Treatment of Coronary ArteryDisease. 
Dwicut E. HARKEN, M.D., Moderator, 
Boston, Mass., RicHARD GORLIN, M.D., 
Boston, Mass., LIKOFF, M.D., 
Philadelphia, Pa. and F. Mason Songs, 
Jr., M.D., Cleveland, Ohio. 

8. Problems in Electrocardiography. 

IRwiIn HOFFMAN, M.D., Moderator, Los 
Angeles, Calif., J. Roperick KiTCHELL, 
M.D., Philadelphia, Pa. and Josepn E. F. 
RIsEMAN, M.D., Boston, Mass. 

9. Problems in Cardiovascular Roentgenology. 
GEORGE JACOBSON, M.D., Moderator, Los 
Angeles, Calif., Joun A. Evans, M.D., 
New York, N. Y., Mervin M. FIGLEy, 
M.D., Seattle, Wash. and JoHNn KirRk- 
PATRICK, JR., M.D., Philadelphia, Pa. 

10. Practical Problems in Open Heart Sur- 
gery and the Surgical Treatment of Ac- 
quired and Congenital Heart Lesions Using 
Open Technics. 

JeERoME H. Kay, m.p., Moderator, Los 
Angeles, Calif., Ropert Gross, M.D., 
Boston, Mass. and CHARLEs P. BAILEy, 
m.D., New York, N. Y. 

11. Recognition and Management of Con- 

genital Defects in the First Year of Life. 
Joun D. Kerru, M.p., Moderator, To- 
ronto, Ontario, J. FRANK DAMMANN, JR., 
M.D., Charlottesville, Va., MARY ALLEN 
ENGLE, M.D., New York, N. Y., Epwarp 
C. LAMBERT, M.D., Buffalo, N. Y., JAMEs 
MANNING, M.D., Rochester, N. Y., 
ALEXANDER S. NADAS, M.D., Boston, Mass. 
and P. A. ONGLEY, M.D., Rochester, Minn. 

12. Problems in Electrocardiography. 

E. LEpPESCHKIN, M.D., Moderator, Bur- 
lington, Vt., ARTHUR M. MASTER, M.D., 
New York, N. Y., DAvip ScHERF, M.D., 
New York, N. Y. and RoBert F. ZIEGLER, 
M.D., Detroit Mich. 

13. The Evaluation of the Rheumatic Fever 
Suspect. 

BeNnepict F. MAssELL, M.D., Moderator, 
Boston, Mass., Epwarp E. FIscHEL, M.D., 
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New York, N. Y., Mitton SASLAw, M.D., 
Miami, Fla. and Jack A. SHEINKOPF, 
M.D., Beverly Hills, Calif. 

14. The Edematous States, Their Management. 
Joun H. Moyer, m.p., Moderator, Phila- 
delphia, Pa., ALBERT BrEstT, M.D., Phila- 
delphia, Pa., Ray W. Girrorp, Jr., 
M.D., Rochester, Minn. and Sir F. HorAce 
Smirk, M.D., Dunedin, New Zealand. 

15. Monoamine Oxidase Inhibitors. 
Rospert W. M.D., Moderator, 
Sherman Oaks, Calif., Witt1am 
LANDER, M.D., Boston, Mass., Henry I. 
RussEk, M.D., Staten Island, N. Y., 
ArTHUR L. SCHERBEL, M.D., Cleveland, 
Ohio and GERHARD ZBINDEN, M.D., Nut- 
ley, N. J. 

16. The Role of the Catecholamines in Cardio- 

vascular Diseases. 

WILHELM Raas, M.D., Moderator, Bur- 
lington, Vt., J. E. Szackas, M.D., 
Bethesda, Md., A. C. WIGMAN, M.D., 
Detroit, Mich., Morton D. Bocponorr, 
M.D., Durham, N. C. and ALBert J. 
PLUMMER, M.D., Summit, N. J. 

17. Does Stress Play a Role in Atherogenesis? 
Ray H. RosENMAN, M.D., Moderator, 
San Francisco, Calif., CHESTERFIELD G. 
Gunn, M.D., Oklahoma City, Okla. and 
REUBEN STRAUS, M.D., Burbank, Calif. 

18. The Problems in Digitalis Administration. 
Joun J. Sampson, M.D., Moderator, San 
Francisco, Calif., CHARLEs K. FRIEDBERG, 
M.D., New York, N. Y. and BERNARD 
Lown, M.D., Boston, Mass. 

19. Adaptation of Cardiovascular Function to 

Hot and Cold Environments. 
Kari E. ScHAEFER, M.D., Moderator, 
New London, Conn., Davip E. Bass, 
M.D., Natick, Mass., Austin HENSCHEL, 
M.D., Natick, Mass., THomas F. Horn- 
BEIN, M.D., St. Louis, Mo. and DuANE 
E. GRAVELINE, M.D., Wright-Patterson 
AFB, Ohio. 
20. Serum Triglyceride 
Health and Disease. 
Louis E. ScHAEFER, M.D., Moderator, 
New York, N. Y., JuLes Hirscw, M.D., 
New York, N. Y. and Kurt HirscHHorn, 
M.D., New York, N. Y. 
21. Congenital Defects Involving the Great 
Vessels. 
HELEN B. Taussic, M.D., Baltimore, Md. 
and Denton A. Coo.ey, M.D., Houston, 
Texas. 
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22. Peripheral Vascular Problems. 
Travis Winsor, M.D., Moderator, Los 
Angeles, Calif., DAviy ABRAMSON, M.D., 
Chicago, Ill. and CHEsTER HyMaAN, M.D., 
Los Angeles, Calif. 

23. The Management of Cerebral Vascular 

Disease. 

Irvinc S. WRIGHT, M.D., Moderator, New 
York, N. Y., Sicmunp Grocn, M.p., New 
York, N. Y. and Rosert G. SIEKERT, 
M.D., Rochester, Minn. 

24. Hypothermia. 
W. GLENN Younc, JR., M.p., Moderator, 
Durham, N. C., Water L. FLoyp, 
M.D., Durham, N. C., ArcuHer S. 
Gorpon, M.D., Los Angeles, Calif. and 
Y. TEMPLETON, II, M.D., Phila- 
delphia, Pa. 

25. Mechanisms of Syncope. 
WiLLarpD J. ZINN, M.D., Moderator, Los 
Angeles, Calif., GEorcE DERMSKIAN, M.D., 
New York, N. Y., C. Grsson, 
M.D., Vancouver, B. C., Rocrer B. Hick- 
LER, M.D., Boston, Mass. and Joun B. 
SCHWEDEL, M.D., New York, N. Y. 


Second Scientific Session 


Thursday, May 18, 9:00-11:30 a.m. 
SYMPOSIUM ON AORTIC VALVE 
Chairman: CHARLES A. HUFNAGEL, M.D., 

Washington, D. C. 
1. Congenital Bicuspid Aortic Valve. The Na- 
tural History of Nine Cases. 
MatTTHEw J. FerRGusoN, M.D. and Sister 


MicHaAEL Marie O’BRIEN, M.D., New 
York, N. Y. 

2. A Critical Review of Aortic Stenosis. 
RicHarp S. Cossy, M.D., BALAKRISHA 


HEGpDE, M.D. and Mary Mayo, m.p., Los 
Angeles, Calif. 
3. The Surgical Problems of Congenital Aortic 
Stenosis. 
Bert W. MEYER, M.D., Los Angeles, Calif. 
4. Experimental and Clinical Experiences with 
the Bicuspid Operation for Aortic Insuffi- 
ciency. 
JosePpH J. GARANELLA, M.D., W. ROBERT 
ScHMIDT, M.D. and NATHAN KENNETH 
JENSON, M.D., Minneapolis, Minn. 
5. The Surgical Treatment of Aortic Re- 
gurgitation by Valvular Prostheses. 
Ear.e B. Kay, M.p., Davin MENDELSOHN, 
M.D. and Henry A. ZIMMERMAN, M.D., 
Cleveland, Ohio. 
10:30 a.m.—Intermission 
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6. Partial and Complete Aortic and Mitral 
Valve Prostheses. 

Dwicut E. HARKEN, M.D., WARREN J. 
TAYLOR, M.D., ARMAND A. LEFEMINE, M.D., 
STEVEN LUNZER, M.D., HENRY B. C. Low, 
M.D., MANFRED L. COHEN, M.D. and ANNA 
M. FosBerc, M.D., Boston, Mass. 

7. Open Heart Treatment of Mitral Insuffi- 
ciency and Combined Mitral Stenosis and 
Insufficiency. 

JeERoME H. Kay, m.p. and Oscar 
Masipson, M.D., Los Angeles, Calif. 
8. Reconstructive Methods for Aortic Valvular 
Disease. 
CHARLES A. HUFNAGEL, M.D., PETER W. 
ConRAD, M.D., ROQUE PIFARRE, M.D. and 
NESTER DEVENECIA, M.D., Washington, 
D. C. 

Panel Discussion by All Essayists 


Third Scientific Session 


Thursday, May 18, 11:30 a.m.—12:30 p.m., 2:00- 
4:30 p.m. 

SYMPOSIUM ON HYPERTENSION 
Chairman: JoHN H. Moyer, m.p., Phila- 
delphia, Pa. 

CONVENTION GUEST LECTURE 

Introduction: Grorce C. GRIFFITH, M.D. 
Some Principles of Hypotensive Therapy 
Considered in Relationship to the Patho- 
genesis of Essential Hypertension. 

Sir F. Horace Smirk, M.D., F.R.c.P., Dune- 

din, New Zealand. 
12:30 p.m.—Intermission 
1. Mechanisms in Essential Hypertension. 

Mitton MENDLoOwITz, M.D., STANLEY E. 

GiTLow, M.D., RoperT L. M.D. and 

Nosrat Nartcui, M.p., New York, N. Y. 

2. Pharmacodynamics and Clinical Use of 
Three Drugs Which Block Sympathetic Neu- 
ral Activity. 

WALTER M. KiRKENDALL, M.D., City, 

Iowa. 

3. Decarboxylase Inhibitors in the Treatment of 
Hypertension. 
ALBERT Brest, M.D., Philadelphia, Pa. 
4. Reversible Renal Hypertension. Clinical 
Characteristics and Predictive Tests. 
Morton H. MAxweELt, m.D., Los Angeles, 
Calif. 
5. Pheochromocytoma. 

VARNER J. JouNns, Jr., M.D., Los Angeles, 

Calif. 

6. Flexibility in Drug Treatment of Essential 
Hypertension. 


Rosert W. WIxkins, M.D., Boston, Mass. 
7. The Isotope Renogram, Differential Renal- 
Function Study and Aorto-Renal Arterio- 
gram in the Clinical Evaluation of Hyper- 
tensive Patients. 
Ray W. Girrorp, JR., M.p., and JAMES 
C. Hunt, m.p., Rochester, Minn. 
8. Diagnosis and Treatment of Renovascular 
Hypertension. 
Georce C. Morris, JR., M.p., Houston, 
Texas. 
Panel Discussion by All Essayists 


Annual Business Meeting 
Thursday, May 18, 4:30-5:30 p.m. 


Fourth Scientific Session 


Friday, May 19, 9:00 a.m.—12:30 p.m. 
SYMPOSIUM ON 
THE EVALUATION OF FIBRINOLYTIC AGENTS IN THE 
TREATMENT OF CARDIOVASCULAR DISEASE 
Chairman: Joun S. La Dug, m.p., Secretary 
1. Studies in Experimental Myocardial Infarc- 
tion. 
PAUL RUEGSEGGER, M.D., New York, N. Y. 
2. Technics of Treatment. 
ALAN JOHNSON, M.D., New York, N. Y. 
3. Experiences in Peripheral Vascular Disease. 
E. M.p., New York, 
N. Y. 
4. Clinical Evaluation in Acute Myocardial In- 
farction. 
Isaac H. RICHTER, M.D., New York, N. Y. 
Panel Discussion 
10: 30-11 :00 a.m.—Intermission 
Chairman: C. WALTON LILLEHEI, M.D., Vice 
President 
5. Cardiac Metabolism. 
RicHarp J. Bina, M.p., Detroit, Mich. 
6. New Methods and Technics in Cardio- 
vascular Roentgenology. 
GEORGE JACOBSON, M.D., Moderator, Los 
Angeles, Calif.. A. Evans, M.D., 
New York, N. Y., Mervin M. FIGLEy, 
M.D., Seattle, Wash. and JoHN KirK- 
PATRICK, JR., M.D., Philadelphia, Pa. 


Fifth Scientific Session 
Friday, May 19, 2:00-5:30 p.m. 
Chairman: IRVING BROTMAN, M.D., Assistant 
Secretary 
1. The Hydrogen-Platinum Electrode System 
in Detection of Cardiac Shunts. 
Epwarp S. HyYMAN, M.D., ALBERT L. 
HYMAN, M.D., KENNETH HYATT, M.D. anc 
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WILLIAM Myers, M.D., New Orleans La. 
. Observations on the Use of Externally 
Monitored Radioisotopes in Measuring 
Coronary Blood Flow. 
SyLvan L. WEINBERG, M.D., G. RICHARD 
GROVE, M.D., CEMAL M. CAGIRGAN, M.D. 
and WARREN BLANCHARD, M.D., Dayton, 
Ohio. 
. Assisted Circulation in Acute Coronary 
Occlusion. 1. Production of Acute Myo- 
cardial Infarction with Graded Doses of 
Plastic Microspheres. 
Joun A. Jacospy, M.D., WARREN J. 
TAYLOR, M.D., GEORGE T. SMITH, M.D., 
RicHARD GorRLIN, M.D. and Dwicnt E. 
HARKEN, M.D., Boston, Mass. 
. Prolonged Mechanical Assistance in Left- 
Sided Heart Failure. 
CHARLES P. BAILEY, M.D., ROBERT A. 
O’CoNNOR, M.D., ABRAHAM SCHAFFER, 
M.D., TERUO Hirose, M.D. and PHoTos 
PANAGOPOULOs, M.D., New York, N. Y. 
. Timing of Vibrocardiographic Wave Inter- 
vals to Detect Coronary Insufficiency. 
CLARENCE M. AGREsSs, M.D., STANLEY 
WEGNER, M.D. and RoBertT M. MULLER, 
M.D., Los Angeles, Calif. 
. High Frequency Phonocardiography. 
A. LuisapA, M.D. and GIULIANO DI 
BARTOLO, M.D., Chicago, IIl. 
3:30 p.m.—Intermission 
. The Role of Intracardiac Phonocardiog- 
raphy in the Differential Diagnosis of Con- 
tinuous Precordial Murmurs. 
Howarp F. WARNER, M.D., ABDOL-NABI 
MocHaADAM, M.D., JEROME A. HUBSHER, 
M.D., Joun D. WALLACE, M.D. and Davip 
H. Lewis, M.p., Philadelphia, Pa. 
. Direct Studies of the Activation of the 
Purkinje System Before and After Left 
Bundle Branch Block. 
Rosert S. VENEROSE, M.D., JACKSON H. 
STUCKEY, M.D., BRIAN F. HOFFMAN, M.D. 
and MartTIN SEIDENSTEIN, M.D., Brooklyn, 
N. Y. 
. Myocardial Hypoxia Elicited by Neurogenic 
and Blood-borne Catecholamines During 
Impairment of Coronary Dilatability. 
WILHELM RaAas, M.D., E. LEPESCHKIN, 
M.D., vAN LitH, and H. C. 
HERRLICH, M.D., Burlington, Vt. 
. The Relationship Between Coronary Blood 
Flow, Myocardial Oxygen Consumption 
and Cardiac Work as Influenced by Phar- 
macologic Agents. 


APRIL 1961 


VERNON E. WENDT, M.D., JoHN F. Sun- 
DERMEYER, M.D., P. B. DEN BAKKER, M.D. 
and Ricwarp J. Binc, m.p., Detroit, 
Mich. 

11. The Hemodynamic Effects of Prolonged 
Hypothermia Combined with Closed-Chest 
Extracorporeal Circulation in Experimental 
Myocardial Infarction with Shock. 

Lesuiz A. KuBN, M.D., FRANK M. WEISER, 
M.D., A. RoBERT BeEcK, M.D., JOHN 
D’AriA, M.D. and IRWIN KRASNA, M.D., 
New York, N. Y. 

. Treatment of Heart Block and Adams- 
Stokes Syndrome With Oral Sustained- 
Action Isoproterenol. 

Smmon Dack, M.D. and STANLEY R. Ros- 
BIN, M.D., New York, N. Y. 


Groedel Memorial Lecture on Humanities in 
Medicine 
Friday evening, May 19, 8:00 p.m. 
The Medical and Scientific Significance 
of the Seemingly Small, Trivial and In- 
significant. 
B. BEAN, M.D., Iowa City, 
Iowa. 
Sixth Scientific Session 
Saturday, May 20, 9:00 a.m.—12: 30 p.m. 
Chairman: Atpo A. LuisapDA, m.p., Trustee. 
1. Physiologic Aspects of Hemangioblastic 
Tissues. 
Smon RopBARD, M.D. and BARBARA 
HowkELt, M.D., Buffalo, N. Y. 

. The Role of Isopropylnorepinephrine in the 
Treatment of Digitalis Intoxication. 

Davip J. BAKER, M.D., Pau M. NonkIn, 
M.D., Martin S. STERNBERG, M.D. and 
WASSERMAN, M.D., Coral Gables, 
Fla. 

. The Combined Use of Dihydroergocornine 
Methane Sulphonate (DHO-180) and 
Phenylindandione (Hedulin) in the Treat- 
ment of Acute Cerebral Thrombosis. A 
Preliminary Study. 

M. Tanpowsky, M.D., Hollywood, 
Calif. 

. Sodium D-Thyroxine in the Therapy of 
Hypercholesterolemia of Coronary Artery 
Disease. 

SHELDON R. BENDER, M.D., Philadelphia, 
Pa. 

. The Rib Syndrome. 

Maurice S. RAwtLincs, M.D., Chat- 
tanooga, Tenn. 
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6. The Use of Long Term Anticoagulant 

Therapy in Private Practice for Coronary 
Heart Disease. 

W. T. McCo.iium, m.p., KENT ALEx- 
ANDER, M.D., ARTHUR E. SCHMIDT, M.D., 
GERALD Honick, M.D. and LEo WapE, 

M.D., Oklahoma City, Okla. 

10:30 a.m.—Intermission 
Chairman: I. FRANK TULLIS, M.D., Trustee 

7. Causes of Pulmonary Artery Stenosis— 
Intra- and Extra-Luminal. 

Davin C. Levinson, M.D. and RONALD 
Danzic, m.pD., Los Angeles, Calif. 

8. Aortico-Pulmonary Septal Defect. 

Henry N. NEvuFELD, M.D., RICHARD G. 
LESTER, M.D., RAy C. ANDERSON, M.D., 
Paut ApAms, JR., M.D., C. WALTON 
LILLEHEI, M.D. and Jesse E. Epwarps, 
M.D., Minneapolis, Minn. 

9. The Differential Diagnosis of Patent Ductus 
Arteriosus and Ventricular Septal Defect 
in Infancy. 

Aspo.-NaABI MOGHADAM, M.D., JEROME A. 
HuBsHER, M.D., Howarp F. WARNER, 


M.D., JoHN D. WALLACE, M.D. and DAvip 
H. Lewis, M.pD., Philadelphia, Pa. 

10. Patent Ductus Arteriosus as a Cause of 
Congestive Heart Failure in the First Year 
of Life. 

Martin J. FRANK, M.D., JoHn D. 
GInTy, M.D., TimoTHy J. REGAN, M.D., 
Prescott JORDAN, JR., M.D. and HARPER 
K. HELLEMs, M.D., Jersey City, N. J. and 
Detroit, Mich. 
11. Acute Effects of Triparanol Therapy. 

Davin H. BLANKENHORN, M.D. and OLIVER 
T. Kuzma, m.p., Los Angeles, Calif. 

12. Urine Glutamic Oxalacetic Transaminase 

Activity in Acute Myocardial Infarction. 
Ropert B. KALMANSOHN, M.D. and 
RicHARD W. KALMANSOHN, M.D., Los 
Angeles, Calif. 

13. Alterations of Indices of Liver Function in 
Congestive Heart Failure with Particular 
Reference to Serum Enzymes. 

SmpnEY M. RICHMAN, M.D., ABNER DEL- 
MAN, M.D. and Davip Gros, M.D.. 
Brooklyn, N. Y. 


Regional Meeting 
Area of Massachusetts 
April 18, 1961 at 8 p.m. 


Peter Bent Brigham Hospital, Boston, Mass. 
Topic: Aortic Valve Reconstructions—Present Status 
Speakers: Charles A. Hufnagel, m.p. 
J. Gordon Scannell, m.p. 
Ralph A. Deterling, Jr., m.p. 
Dwight E. Harken, m.p. 
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FOR ANGINA 


Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


RDILATE’ 


may well be chosen for 
PROLONGED PROPHYLAXIS 


“...the magnitude of the response to 15 mg. [‘Cardilate’] was 
comparable to that following nitroglycerin. ...The comparatively 
prolonged duration of action of erythrol tetranitrate when given 
sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 
lingually are among the most potent of all prophylactic agents 
available for the treatment of patients with angina pectoris.” 


“Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
ing effect. Therefore it is the drug of choice in angina pectoris.” 


Erythrol Tetranitrate Sublingual Tablets 


2. Russek, H.I.: Circulation 

18:774 (Oct.) 1958. 

15 mg., scored © |) 
3. Hirshleifer, I., et al.: Scien- 

Bottles of 100 tablets. tific Exhibit, A.M.A., Atlantic 

Complete literature available on request. City, N. J., June, 1959. 


Bra BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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Originators and Sole Producers of a complete line of 


* Cardiac Catheters and Electrodes 


* Edwards’ Knitted and Woven Arterial Grafts and Bifurcations 
of Teflon® 


* Detergicdde, for Cleaning and Disinfecting; Available 
as a Concentrated Solution 


Developed and approved in cooperation with the Medical Profession 


A Research and Experimental Department is 
Maintained for the development of Cardiac 
Instruments and Tefion Vascular Prostheses 
in collaboration with the Medical Profession. 


Send for Literature 


United States Catheter & Instrument Corp. 
Glens Falls, New York 


® Teflon is the trade name of E. 1. du Pont de Nemours & Co., Inc., for its tetrafluorethylene resin and fiber. 


CHANGING YOUR ADDRESS? 


Please fill out and return the coupon below: 


THE AMERICAN JOURNAL OF CARDIOLOGY 
Mailing Dept., 466 Lexington Avenue, New York 17, N. Y. 


NAME 


(please print) 


New ADDREss: 


Street 


City Zone State 


FORMER ADDRESS: 


Street 


City Zone State 
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Nothing is simpler in thiazide therapy: 
Prescribe ‘‘Enduron once a day, every day”’ 


One dose daily of this potent new thiazide is ample. It treats 
edema and hypertension around the clock. You can expect 
therapeutic action through the full 24 hour period (and longer). 
What’s more, Enduron provides an enhanced potassium-spar- 
ing effect. Whereas multiple dose drugs may cause multiple peaks 
of potassium loss, Enduron’s single dose brings but a temporary 
single peak. 
Enduron’s once-a-day dosage is of course a convenience, too. 
Easy for the patient to remember. Easy for you to supervise. aBeorT 
We invite you to experience its benefits ...soon. (See next page) 


The 24-hour diuretic-antihypertensive 
= 
T™ (METHYCLOTHIAZIDE, ABBOTT) 
Bee 
104030A 


Every ENDURON tablet delivers over 
24 hours of continuous thiazide action 


With this unique agent, you need just one daily dose to reduce 
edema and hypertension. Diuretic response reaches maximum in 
about six hours. It then follows a smooth, continuing plateau for 
most of the remaining day. Even at end of the 24 hours, you are 
still eliminating sodium well above control (i.e., undosed) amounts. 


Usual Urinary Excretion Patterns Following 10 mg. of Enduron 
HOURS 6 12 18 24 


CONTROL: 
Sodium 
——— Chloride and 
Potassium 


200 


Chioride 


Potassium 


APPROXIMATE MICROEQUIVALENTS PER MINUTE 


eit eee eee wees 


Note that Enduron’s effect on urinary potassium is minor; potas- 
sium depletion will seldom be a factor in your therapy. Similarly, 
Enduron’s favorably high ratio of sodium versus chloride excre- 
tion means lessened likelihood of hypochloremic alkalosis. 


How safe is Enduron? 


Repeated oral doses of many thousand times the therapeutic 
amount, have been well tolerated in test animals for months. 
Since Enduron’s milligram dosage in humans is low, it affords the 
security of an exceptionally safe therapeutic ratio. 

Difficulty, if any, is apt to arise from therapy that’s unnecessarily © 
vigorous. Enduron is potent. 10 mg. produces at least as much 
sodium excretion as other available thiazides in any size dose. 
Single doses greater than 10 mg. don’t accomplish greater diuresis, 
and aren’t recommended or needed. 


Prescribe the 24-hour diuretic-antihypertensive: 


RON 


(METHYCLOTHIAZIDE, ABBOTT) 
significant advance in thiazide therapy 


1. Ford, R. V., Current Therap. Res., 2:422-430, Sept., 1960. ABBOTT 


2. Bryant, J. M.,et. al., Current Therap. Res., 3:1-4, Jan., 1961. 


©1961, ABBOTT LABORATORIES 1040308 
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Electronic medical 
instrumentation 


Now available from Honeywell —a world leader 
in the field of precision electronic equipment — is a 
complete line of medical instrumentation designed to 
greatly improve your capabilities for measuring and 
recording physiological functions. Currently in produc- 
tion are coordinated systems for the following measure- 
ments: 


Body temperatures * Respiration rate, flow, and vol- 
ume © Chest expansion * Blood dye curve measure- 
ments Phonocardiography (PCG) ¢ Pulse rate 
Electromyography (EMG) ¢ Nerve potentials « Elec- 
troencephalography (EEG) * QO: content of blood 
(Oximetry) ¢ Skin temperatures ¢ Electrocardiography 
(EKG) ¢ Pressures — stomach, intestinal, muscular, 
uterine © Dynamic blood pressures (arterial and ven- 
ous) © Ballistocardiography (BCG). 


When you order a Honeywell Electronic Medical 
System, you get more than just components — you get 
a complete, integrated system, ready to plug in and 
use. In addition, your purchase includes an interest by 
Honeywell which extends beyond the sale to successful 
operation. Honeywell branch offices — from coast to 
coast, across Canada, and around the world — are 
staffed with skilled technicians, equipped to make 
emergency repairs or render periodic service to your 
system. 


For further information and assistance in oak 
which Honeywell Electronic Medical System will best 
your requirements, please contact: 


Minneapolis-Honeywell, 
5200 E. Evans Ave., Denver 22, Colorado 


Honeywell 
Medical, Systtius- 


‘ 
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Instrument and accessories, complete... 


only 5] 3 8 Q (Carrying case model, $148.50) 


Immediate, reproducible 
determinations in 


these simple steps: 

1. Take measured volume 
of blood from 

finger puncture. 


Favorable reports on thousands of patients 
treated with anticoagulants have encouraged 
widespread use of these drugs for prevention or 
control of thromboembolic or thrombotic dis- 
eases. With anticoagulant use, safety demands 
regular measurement of prothrombin time. 


Existing macro methods require venous blood 
and time consuming laboratory procedures. The 
Prothrometer permits use of completely depend- 
able and easily performed micro techniques. A 
drop of capillary blood from fingertip puncture 
is used. Patient distress is minimized by elimi- 
nating painful venipuncture. The cost of each 
measurement is greatly reduced. Tests are easily 
performed, either in the physician’s office or at 
the patient’s bedside. Results are available with- 
in minutes, permitting immediate adjustment of 
dosage. 

The essential requirements of accurate tem- 
perature control, elimination of water bath and 
centrifuge and convenient portability are met 
with the Prothrometer. It is available from the 
stock of leading dealers throughout the United 
States. For complete information, including re- 
views of pertinent literature on micro methods 
and established techniques, please write to: 


xford 
aboratories 


961 Woodside Road, Redwood City 10, California 


2. Mix with reagent 


: 3. Stop timer when 
:  coagulum forms. 


and start timer. 
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NEW Sth 
EDITION 


MODERN DRUG 
ENCYCLOPEDIA 


and Therapeutic Index with monthly supplement MODERN DRUGS 


The only complete reference on new 
as well as established products. 


Quickly answers questions about ethical pharmaceuticals. § 


MODERN DRUG ENCYCLOPEDIA, MODERN DRUGS 


8th Edition, an authoritative source of information 
on new and established pharmaceuticals. Gives you 
pertinent facts in concise form. Supplies facts you 
want to know to prescribe the new products with 
confidence. No struggle to keep cumbersome files up 
to date—just one compact bound volume and a 
compact binder for the monthly supplements. 


THE : 
PHYSICIAN'S 
REFERENCE 
LIBRARY 
IN ONE VOLUME 
KEPT 
UP-TO-DATE 


The Reuben H. Donneiley Corp., Publisher 

MODERN DRUG ENCYCLOPEDIA 

466 Lexington Avenue, New York 17, N.Y. 
Enclosed is $17.50* for my 8th Edition of MODERN DRUG ENCYCLOPEDIA and 

LJ Therapeutic Index and the Monthly Supplement—MODERN DRUGS. 


[] Enclosed also is $3.50 for binder for MODERN DRUGS Monthly Supplement. 
For delivery in N.Y.C., please include 3% Sales Tax with remittance. 


A monthly supplement, with Robert S$. Goodhart, 
M.D. as supervising editor, and John C. Helenore, 
Ph.G. as technical editor, supplies the same complete 
information on new pharmaceuticals as soon as they 
are available on your prescription. A convenient 
binder keeps the 24 issues together. Cumulative in- 
dices in each issue help you find any product listed in 
previous months. 


ORDER 
YOUR 
MODERN DRUG 
ENCYCLOPEDIA 


Name 


MONTHLY 


Address 


Zone State. 


City 


U.S.A. $17.50 
Please make checks payable to The Reuben H. Donnelley Corporation 
*includes 2-year supplementary service at $5.00 per year ($6.00 Foreign) 


Foreign $23.50 (U.S. Currency) 
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new Clinical report! 


in atrial fibrillation 
RAPID LASTING CONVERSION 
ON SIMPLE DOSAGE SCHEDULE 


DURA-TAB 


the only Sustained Medication* Quinidine Gluconate 5 gr. (0.33 Gm.) 


Stewart! found the “‘significantly prolonged therapeutic serum quini- 
dine levels’’ with QUINAGLUTE DURA-TAB S.M. provide... 


1. Rapid, lasting conversion of sinus rhythm to normal with q. 8 h. 
dosage, in almost all patients with atrial fibrillation. 
2. Efficient maintenance of converted patients on q. 12 h. dosage. 


Other advantages of QUINAGLUTE DURA-TAB S.M. 21° 

e Better toleration because quinidine gluconate is more soluble 
and less irritating to the G.I. tract than the sulfate. 

e Uniform efficacy with a markedly reduced tendency to recur- 
rence of arrhythmias because there is no let-down in quinidine 
serum levels. 


QUINAGLUTE DURA-TAB S.M....a quinidine of choice in atrial 
fibrillation, auricular tachycardia, flutter. 
Bottles of 30, 100 and 250 scored tablets. 


. For dosage, 
Samples and literature — write... ao 


WYN N PHARMACAL CORPORATION 


Lancaster Avenue at 5lst Street, Philadelphia 31, Pa. 
Page 821 


1. Stewart, J. T.: Amer. J. Cardiology Nov. 1960. 2. Bellet, S.; Finkelstein, D., and Gilmore, 
H.: A.M.A. Arch. Int. Med. 100:750, 1957. 3. Bellet, S.: Am. Heart J. 56:479, 1958. 
4. Bellet, S.: Amer. J. Cardiology 4:268, 1959. 5. Finkelstein, D.: Penn, M. J. 61:1216, 
1958. 6. DiPalma, J. R.: Progress in Cardiovascular Dis. 7:663, 1960. 7. Orgain, E. S.: 
Progress in Cardiovascular Dis. 2:343, 1960. 8. Bellet, S.: New England J. Med. 262:979, 
1960. 9. Goldman, M. J.: Progress in Cardiovascular Dis. 2:465, 1960. 10. Greif, E. and 
Scheuer, J.: J. Mt. Sinai Hosp. Nov./Dec. 1960. 


also available: INJECTABLE QUINAGLUTE *U.S. Patent 2895881 
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@ Three years of Burdick research have brought you LECTRO-PADS 
to-‘save time in taking cardiograms and eliminate the need for paste or 
other conductive materials, and their reception has been tremendous! 


These thin cotton-flannel pads are slightly larger than the limb elec- 
trode and thoroughly impregnated with a non-irritating electrolyte 
that will remain moist for long periods. 


No mess, no cleanup — and the cost per patient is no more than for 
ECG paste. 


FOR CHEST 
APPLICATION 


Our new EKS-43 Chest Electrode Set 


affords the fastest and cleanest tech- 
nic for taking chest leads. Simply fold 
and apply a LECTRO-PAD to the chest 
electrode, place the electrode in the 
desired position, lay the weighted 
strap over the chest and run the 
cardiogram. For the next position 
simply lift the strap and move the 
electrode. No preparation delays, no 
mess, no cleanup. 


LECTRO-PADS, per pkg. of 60 pads 
PRICES Packed 5 per sealed envelope, $.80 (Zones 

1 and 2); $.85 (Zones 3 and 4). EKS-43 

CHEST ELECTRODE SET, $12.00 all zones. 
Order from your local Burdick dealer, or mail 
the coupon for a free sdmple of LECTRO-PADS. 


THE BURDICK CORPORATION, Milton, Wisconsin 


Please send us a free sample of LECTRO-PADS and 
information on the EKS-43 Chest Electrode Set. 


Doctor 


Address 


City Zone State I 
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nd of acenocoumarol 


Two established oral anticoagulants. In the treatment of thromboembolic disease, both 
Sintrom and Tromexan reliably bring about hypoprothrombinemic response. 

Distinguished by high potency and its ability to maintain a uniform response with a constant 
single daily dose, Sintrom is particularly suited to long-term therapy. Significantly more 
rapid and transient in action, Tromexan is well adapted to cases calling for more immediate 


control of thrombotic tendencies. 

Full information regarding dosage, side effects, precautions and contraindications available on request. 
Sintrom®, brand of acenocoumarol, is supplied as double-scored tablets of 4 mg. 

Tromexan®, brand of ethyl biscoumacetate, is supplied as single-scored tablets of 150 and 300 mg. H 
Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York si/1r-662-61 


Tromexan: action with ready reversibility of 
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in cardiac resuscitation 
instrumentation 


from the leader 


TOF 


FORA 


new pre-eminence 
in the prevention, 
detection and 


automatic treatment 


of Cardiac Arrest§#the Electrodyne 
PMS-S 


Proudly we present our latest and most refined instrument 
for the prevention, detection and automatic treatment of 
ventricular standstill through the application of efficacious 
electrical impulses through the intact chest or directly to 
the heart. 


Engineered for unexcelled valuable time-saving simplicity 
of operation, only Electrodyne offers an instrument of this 
type. Monitoring heart action visually and audibly, it in- 
stantly signals Cardiac Arrest and automatically provides 
external stimulation. Any Cardiac Arrhythmia is instantly 
recognizable on the highly visible large 5” Electrocardio- 
scope which presents a continuous display of the electro- 
cardiogram. 


Please write for an informative file of technical specifica- 
tions on this and other fine Electrodyne equipment. 


® Only Electrodyne offers an 
instrument of this type. 


@ Full 5” electrocardioscope 
for greater visibility. 

®@ Simplicity of operation, 
functional appearance. 


| 
| 
Electrodyne Company, Inc. 
20 Endicott Street, Norwood, Massachusetts, U.S. A. 
The reputation of Electrodyne i has established leadership in the field of medical electronics for the preventi 
detection and automatic treatment of Cardiac Standstill, Ventricular Fibrillation and Cardiac Arrhythmias, 
45 
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IMPORTANT BOOKS FOR THE CARDIOLOGIST 


O Herbert L. Abrams § Hi S. Kaplan—ANGIOCARDIO- O S. E. Gould—PATHOLOGY OF THE HEART (20 Con- 
GRAPHIC INTERPRETAT ION IN CONGENITAL HEART tributors) (2nd Ed.). Pub. ’59, 1152 pp. (7 x 10), 977 il. 
DISEASE. Pub. ’56, 244 pp. (8'/2 x 11), 320 il. (Amer. Lec. (6 in full color), $32.50 


O 


Pediatrics), $11.75 


J. Garrott Allen et al EXTRACORPOREAL CIRCULATION 
(2nd Ptg.). Pub. ’59, 544 pp., 108 il., $13.75 


Rudolf Alischul—SELECTED STUDIES ON ARTERIO- 
SCLEROSIS. Pub. ’50, 197 pp., 94 il., $5.50 


Frederic C. Bartter—THE CLINICAL USE OF ALDOSTER- 
ONE ANTAGONISTS. Pub. 60, 224 pp., 112 il., $5.00 


Eduardo Braun-Menendez ei al—_RENAL HYPERTENSION: 
Pub. ’46, 484 pp., 111 il., $7.50 


John R. Braunslein—THE BALLISTOCARDIOGRAM: 
A Dynamic Record of the Heart Beat. Pub. ’53, 96 pp., 64 
il. (Amer. Lec. Circulation), $3.00 


Dale Groom—CLINICS IN ELECTROCARDIOGRAPHY. 
Pub. ’60, 160 pp., 398 il., $8.00 


William Harvey—DE MOTU CORDIS: Anatomical Studies 
on the Motion of the Heart and Blood (4th Ed.). Translated 
by Chauncey Leake. Pub. ’58, 178 pp., 10 il., $2.50 


William Harvey—DE CIRCULATIONE SANGUINIS. Trans- 
lated by Kenneth J. Franklin. Pub. ’58, 128 pp., 2 il., $4.50 


William Harvey—DE MOTU CORDIS. _ Translated by 
Kenneth J. Franklin. Pub. ’57, 222 pp., 2 il., $3.50 


William Harvey—CIRCULATION (60 Contributors). 
by John McMichael. Pub. ’58, 400 pp., 224 il., $10.50 


William D. Holdn—ACUTE PERIPHERAL ARTERIAL 


Edited 


0) George E. Burch—A PRIMER OF CONGESTIVE HEART OCCLUSION. Pub. ’52, 65 pp., 2 il. (Amer. Lec. Circulation), 
FAILURE. Pub. ’54, 140 pp., 26 il. (Amer. Lec. Internal Medi- $2.35 
cine 


William S. Collens ¢ Nathan D. Wilensky—PERIPHERAL 
VASCULAR DISEASE: Diagnosis and Treatment (2nd 
pa Pub. 53, 700 pp. (7 x 10), 366 il. (66 in full color), 


William Holland ¢ Richard L. Klein—CHEMISTRY OF 
HEART FAILURE. Pub. ’60, 132 pp., 24 il. (Amer. Lec. 
Living Chemistry), $5.50 


$12.00 Emile Holman—NEW CONCEPTS IN SURGERY OF THE 
VASCULAR SYSTEM. Pub. ’55, 112 pp., 126 il. (Amer. 
O R. Cruickshank § A. A. Glynn—RHEUMATIC FEVER: Lec. Surgery), $3.50 


~ and Prevention. Pub. '59, 194 pp., 41 il., 


W. Andrew Dale—AUTOGENOUS VEIN GRAFTS AND 
RELATED ASPECTS OF PERIPHERAL ARTERIAL 
DISEASE. Pub. ’59, 138 pp., 62 il. (1 in full color), $6.00 


Alfred A. de Lorimier, Henry G. Moehring § John R. Hannan— 
CLINICAL ROENTGENOLOGY, Volume III: e Lungs 
and the Cardiovascular System Emphasizing Differential 
Considerations. Pub. 55, 512 pp. (81/2 x 11), 760 il. (5 in color), 


Robert M. Hosler—A MANUAL ON RESUSCITA- 
TION (2nd Ed.). Pub. ’58, 224 pp., 18 il., $5.5 


Carl Hughes Warner Bowers—TRAUMATIC LESIONS OF 
PERIPHERAL VESSELS. Pub. ’61, 208 pp., 110 il., $8.00 


J. Willis Hurst—CARDIAC RESUSCITATION (8 Authorities 
Contribute). Pub. ’60, 152 pp., 29 il., $5.50 


Howard T. Karsner—ACUTE INFLAMMATIONS OF AR- 


705 references, $20.50 ya Pub. °47, 46 pp., 24 il. (Amer. Lec. Pathology), 
0.9) 
0) Geza de Takats—THROMBOEMBOLIC DISEASE. Pub. 
55, 64 pp. (Amer. Lec. Surgery), $2.25 Louis N. Kaiz § Jeremiah Siamler—EXPERIMENTAL 
ATHEROSCLEROSIS. Pub. ’53, 391 pp., 44 il., 84 tables 


Dimond—DIGITALIS. Pub. ’57, 246 pp., 190 il., 


(Amer. Lec. Metabolism), $10.50 
Kenneth K. Keown—ANESTHESIA FOR SURGERY OF 


Oo Jesse T. Edwards, T. Dry, R. Parker, H. Burchell, E. Wood § THE HEART. Pub. ’56, 128 pp., 15 il. (Amer. Lec. Anesthesi- 

ESSELS (2nd Andrew Kerr, Jr-—SUBACUTE BACTERIAL ENDO- 

Pub. 54, 216 pp. (8'/2 x 11), 491 il. (45 in full color), $13.50 CARDITIS. Pub. ’56, 344 pp., 16 il., (Amer. Lec. Internal 


W. Sterling Edwards—PLASTIC ARTERIAL GRAFTS. 
Pub. ’57, 120 pp., 45 il., $4.50 


Medicine), $6.50 


H. K. King—THE CHEMISTRY OF LIPIDS IN HEALTH 
AND DISEASE: A Review of Our Present Knowledge of Lipids: 


0 Edward A. Edwards—THROMBOSIS IN ARTERIOSCLE- Their Chemical Structure; Their Breakdown and Synthesis in 
ROSIS OF THE LOWER EXTREMITIES. Pub. ’50, 84 iving Organisims; Their Place in Human Nutrition, and 
pp., 41 il. (Amer. Lec. Circulation), $2.00 Their Abnormalities of Metabolism in Disease. Pub. ’60, 120 

pp., 2 il. (Amer. Lec. Living Chemistry), $3.75 

O A. Carlton Ernstene-CORONARY HEART DISEASE. Pub. 


°48, 104 pp. (Amer. Lec. Circulation), $2.50 


Lee E. Farr—TREATMENT OF THE NEPHROTIC SYN- 
DROME, Pub.’51, 73 pp. (Amer. Lec. Circulation), $2.25 


Jacob Fine—THE BACTERIAL FACTOR IN TRAUMATIC 
1 Pub. ’54, 88 pp., 3 il. (Amer. Lec. Circulation), 


Benjamin M. Gasul, Gershon Hait, Robert F. Dillon, ¢ Egbert 
H. Fell—THE SALIENT POINTS AND THE VALUE OF 
VENOUS ANGIOCARDIOGRAPHY IN THE DIAGNOSIS 
OF THE CYANOTIC TYPES OF CONGENITAL MAL- 
FORMATIONS OF THE HEART: A Ten Year Study of 
421 Se Done on 283 Patients. Pub. ‘57, 100 
pp., 40 il., $3.50 


John William Gofman—CORONARY HEART DISEASE. 
Pub. ’59, 352 pp., $8.00 


Frank Gollan—PHYSIOLOGY OF CARDIAC SURGERY: 
Hypothermia, Extracorporeal Circulation and Extracorporeal 
Cooling. Pub. ’59, 104 pp., 42 il., $4.50 


Bruno Kisch—ELECTRON MICROSCOPY OF THE 

CARDIOVASCULAR SYSTEM: An Electron Microscopic 

Applications to Physiology. Pub. ’60, 192 pp... 
il., $7.50 


William B. Kountz—THYROID FUNCTION AND ITS 
POSSIBLE ROLE IN VASCULAR DEGENERATION. 
Pub. ’51, 17 pp., 10 il. (Amer. Lec. Circulation), $2.25 


Lawrence E. Lamb—FUNDAMENTALS OF ELECTRO- 
CARDIOGRAPHY AND VECTORCARDIOGRAPHY. 
Pub. ’57, 150 pp. (8'/2 x 11), 362 il., $9.50 


S. D. Larks—FETAL ELECTROCARDIOGRAPHY: The 
leet —_ Activity of the Fetal Heart. Pub. 60, 128 pp., 70 
il., $6. 


Maurice Lev—AUTOPSY DIAGNOSIS OF CONGEN- 
ITALLY HEARTS. Pub. °53, 195 pp., 
i 7. 


Hirsch R. Liebowitz—-BLEEDING ESOPHAGEAL VARICES 
==... Pub. ’59, 1120 pp. (7 x 10), 
il., 


CHARLES C THOMAS e PUBLISHER , 20-227 Fast 


awrence Avenue 


SPRINGFIELD ILLINOIS 


46 


‘ 

a 
Sie 
O 

> 
| 

Mate 

= 

j 

3 


IMPORTANT BOOKS FOR THE CARDIOLOGIST 


0 John Erskine Malcolm—BLOOD PRESSURE SOUNDS AND 
THEIR MEANINGS: PartI. Pub. 57, 92 pp., 45 il., $2.50 


0) John Erskine Malcolm—BLOOD PRESSURE SOUNDS AND 
THEIR MEANINGS: Part II: Aetiology of Melanotic Cancer. 
Pub. ’60, 78 pp., 35 il., $3.00 


O William M. Manger et al_—CHEMICAL QUANTITATION 
OF EPINEPHRINE AND NOREPINEPHRINE IN PLASMA: 
Their Plasma Concentration in Hypertension, Shock and 
Mental Disease, with Some Metabolic Studies. Pub. °59, 
412 pp., 79 il., $11.50 


0 Charles D. Marple § Irving S. Wright—_THROMBOEMBOLIC 
CONDITIONS AND THEIR TREATMENT WITH ANTI- 
COAGULANTS. Pub. ’50, 416 pp., 27 il., $9.50 


John McMichael—PHARMACOLOGY OF THE FAILIN(> 
HUMAN HEART. Pub. ’51, 72 pp., 34 il. (Amer. Lec. Cir- 
culation), $2.50 


I. C. Michaelson—RETINAL CIRCULATION IN MAN AND 
ANIMALS. Pub. ’54, 168 pp., 99 il., $6.75 


D. Morgan—THE PATHOGENESIS OF CORONARY 
OCCLUSION. Pub. ’57, 175 pp. (7'!/4 x 98/4), 107 il., $8.50 


J. Arthur Mvers—DISEASES OF THE CHEST INCLUDING 
Tix. HEART. Pub. ’59, 1124 pp. (7 x 10), 679 il., $34.50 


J. Arthur Myers § C. A. McKinla ee CHEST AND THE 
HEART (In Two Volumes). Pub. , 1881 pp. (7'/4 x 10), 
1003 il., $25.50 . 


0 Frank Noble—ELECTRICAL METHODS OF BLOOD- 
PRESSURE RECORDING. Pub. '53, 64 pp., 13 il. (Amer. 
Lec. Medical Physics), $3.00 


0 Jan Nyboer—ELECTRICAL IMPEDANCE PLETHYSMOG- 
RAPHY: The Electrical Resistive Measure of the Blood 
Pulse Volume, Peripheral and Central Blood Flow. Pub. 59, 
264 pp., 104 il. (Amer. Lec. Medical Physics), $7.50 


0 Irvine H. Page—CHEMISTRY OF LIPIDES AS RELATED 
(2nd Ptg.). Pub. °59, 352 pp., 
il., $8.50 


0 Irvine H. Page—HYPERTENSION: A Manual for Patients 
with High Blood Pressure (2nd Ed.). Pub. °56, 128 pp., 


Oo 


5 il., $3.00 
Ernest W. Page—THE HYPERTENSIVE OF 
PREGNANCY. Pub. °53, 135 pp., 2 il. (Amer. . Cir- 


culation), $3.75 


0 Irvine H. Page ¢ A. C. Corcoran—EXPERIMENTAL RENAL 
— Pub. ’48, 72 pp. (Amer. Lec. Physiology), 


0 Don Carlos Peete—THE PSYCHOSOMATIC GENESIS OF 
“as ARTERY DISEASE. Pub. °55, 240 pp., 75 
il., $7.7 


Sir George Pickering—TREATMENT OF HYPERTENSION. 
Pub. ’61, 192 pp., 70 il. (Amer. Lec. Living Chemistry), $7.00 


te Prinzmetal et al—THE AURICULAR ARRHYTH- 
MIAS. Pub. ’52, 398 pp. (88/4 x 11'/4), 514 il., $16.50 


Lowell A. Rantz—THE PREVENTION OF RHEUMATIC 
FEVER. Pub. ’52, 76 pp. (Amer. Lec. Circulation), $2.25 


O. D. Ratnoff—BLEEDING SYNDROMES: A Clinical Manual. 
Pub. ’60, 288 pp., 7 il. (Amer. Lec. Circulation), $8.50 


Nathaniel E. Riich—THE UNCOMMON HEART DISEASES. 
Pub. ’54, 528 pp., 601 il., $10.50 


Seymour H. Rinzler—CARDIAC PAIN. Pub. ’51, 152 pp., 
10 il. (Amer. Lec. Circulation), $3.75 


E. J. Ross—ALDOSTERONE IN CLINICAL AND EXPERI- 
MENTAL MEDICINE. Pub. ’59, 152 pp., 2 il., 5 tables, $5.50 


Arthur Ruskin—CLASSICS IN Fg HYPERTEN- 
SION. Pub. 56, 400 pp., 27 il. (Amer. Lec. Classics in 
Science and Medicine), $9.50 


Arthur Ruskin—PHYSIOLOGICAL CARDIOLOGY. Pub. 
*53, 392 pp., 9 il. (Amer. Lec. Physiology), $8.00 


O 


O L. Schamroth—AN INTRODUCTION TO ELECTRO- 
CARDIOGRAPHY. Pub. ’57, 72 pp., 106 il., $2.50 


0 Leo Schamroth §¢ Fay Segal—AN INTRODUCTION TO 
HEART DISEASE. Pub. 126 pp., 86 


Gus Schreiber—EMBOLIC DISPERSOIDS IN HEALTH 
AND DISEASE. Pub. ’60, 104 pp., 12 il. (Amer. Lec. Living 
Chemistry), $5.50 


OO Henry A. Schroeder—MECHANISMS OF HYPERTENSION: 
With a Consideration of Atherosclerosis. Pub. °57, 362 pp., 
53 il. (Amer. Lec. Metabolism), $9.00 


O E. H. Smirk-HIGH ARTERIAL PRESSURE. Pub. °58, 
800 pp., 148 il., $15.00 


Reginald H. Smithwick—SURGICAL MEASURES IN HY- 
3 —- Pub. ’51, 112 pp., 35 il. (Amer. Lec. Surgery), 


O Harold J. Stewart § Frank Glenn—MITRAL VALVULOTOMY. 
Pub. ’59, 264 pp., 25 il. (2 full-color inserts), $10.50 


O Henri M. Vander Eecken—THE ANASTOMOSES BE- 
TWEEN LEPTOMENINGEAL ARTERIES OF THE BRAIN. 
Pub. ’59, 176 pp., 108 il., $7.50 


O Sigmund Wassermann—ACUTE CARDIAC PULMONARY 
saa Its Pathogenesis and Treatment. Pub. °59, 134 
PP., 94. 


O W. Walter Wasson—THE AUXILIARY HEART. Pub. '54, 
208 pp., 79 il. (10 in full color), $10.50 


CO) Edward Weiss—EMOTIONAL FACTORS IN CARDIO- 
VASCULAR DISEASE. Pub. °51, 96 pp. (Amer. Lec. Cir- 
culation), $2.50 


0 Merle E. White—AN OUTLINE GUIDE FOR THE CARE 
OF POST-OPERATIVE CARDIAC PATIENTS. Pub. ’61 


0 Paul D. White—CLUES IN THE DIAGNOSIS AND TREAT- 
MENT OF HEART DISEASE (2nd Ed.). Pub. ‘56, 204 pp., 
55 il. (Amer. Lec. Circulation), $5.50 


0 W. Carleton Whiteside—-TOWARDS THE DIAGNOSIS OF 
CONGENITAL HEART DISEASE. Pub. ’60, 100 pp., $4.50 


0 John B. Wild—FUNDAMENTALS IN CARDIOLOGY. 
Pub. ’58, 100 pp., 35 il., $4.50 


0 Travis Winsor-—PERIPHERAL VASCULAR DISEASES: 
Approach. Pub. 864 pp., 435 large drawings, 


0 S. E. Wright—THE METABOLISM OF CARDIAC GLYCO- 
SIDES: A Review of the Absorption, Metabolism and Excre- 
tion of Clinically Important Cardiac Glycosides. Pub. 60, 
+e ae 14 il. (Amer. Lec. Biochemistry and Biophysics), 


Ferdinand Wuhrmann ¢ Serge Niggli—-MYOCARDOSIS: 
Pathogenesis, Clinical Aspects and erapy with Recent 
Investigations Concerning the Principles of Metabolic Electro- 

ography. Pub. 59, 228 pp. (7 x 10), 147 il., $10.50 


0 Grace Wyshak et al—CARDIACS AND DIABETICS IN 
INDUSTRY: A Study in Work Experience. Pub. ’61 


O W. B. Youmans A. R. Huckins—HEMODYNAMICS IN 
FAILURE OF E CinGULATION. Pub. °50, 88 pp., 10 il. 
(Amer. Lec. Physiology), $2.75 


O Robert F. STUDIES 
IN NORMAL INFANTS AND CHILDREN. Pub. ’51, 216 
pp. (7!/2x 11), 291 il., $10.50 


Zimmerman—INTRA VASCULAR CATHETERI- 
ZATION G (23 Contributors). Pub. '59, 768 pp., 394 il, 
7 
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“nutrition... present as a modifying or complicating 
factor in nearly every illness or disease state.”* 


SQUIBB VITAMINS FOR THERAPY 


clinically-formulated and potency-protected vitamins for your patients 
with cardiac disease who need therapeutic vitamin support 


@@ Who can say, for example, 
whether the patient chronically ill with myocardial 
failure may not have a poorer myocardium because 
of a moderate deficiency in the vitamin B-complex ? 
Something is known of the relationship of vitamin C 
to the intercellular ground substance and repair of 
tissues. One may speculate upon the effects of a 
deficiency of this vitamin, short of scurvy, upon the 
tissues in chronic disease.9®’ 


Each Theragran supplies the essential vitamins in truly therapeutic amounts: 


Thiamine Mononitrate ... . . . . 10mg. 
. 200 mg. 
Pyridoxine Hydrochloride . . Omg. 
rartotnenate . . . . « 20mg, 


For full information see your Squibb Product Reference or Product Brief. 1 Youmans, J, B.; Am. J. Med, 26:659 (Nov.) 1958. 
2. Kampmeier, R. H.: Am. J. Med, 25:662 (Nov.) 1958. 


SQUIBB Quality — the Priceless Ingredient 


Theragran’® is a Squibb Trademark 
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This Dual Detection system is one 
of the comprehensive Picker line of nuclear 
instrumentation and supplies: all marketed 
and serviced through a national network 
of company offices staffed by trained Picker 
people. (Picker alone in the nuclear field offers 
this caliber of local service). 


For details call your district office (see ‘phone 
book) or write Picker X-Ray Corporation, 
25 South Broadway, White Plains, New York. 


The dual detection system in use for renal function 
study. It employs two detectors, a dual ratemeter, 
a dual recorder, and (optionally) two pulse height 
analyzers, all “packaged” in a sturdy mobile support. 
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Balances the mood—no “seesaw” effect of 
amphetamine-barbiturates and ener- 
gizers. While amphetamines and energizers 
may stimulate the patient — they often 
aggravate anxiety and tension. And 
although amphetamine-barbiturate combi- 
nations may counteract excessive stimula- 
tion — they often deepen depression. 


In contrast to such “seesaw” effects, Deprol 
lifts depression as it calms anxiety — both 
at the same time. 


this may be gradually increased up to 3 tablets q.i.d. 
(benactyzine HCl) and 400 mg. meprobamate. 


literature and samples. 


Lifts depression...as calms anxiety 


For cardiovascular patients—a smooth, balanced action that 


Dosage: Usual starting dose is 1 tablet q.i.d. When necessary, 


Supplied: Bottles of 50 light-pink, scored tablets. Write for 


Cardiovascular patients 
respond in a few days. 
Thanks to your prompt 
treatment and the smooth 
action of Deprol, his de- 
pression is relieved and his 
anxiety calmed — often in 
two or three days. He eats 
well, sleeps well and his de- 
pression no longer compli- 
cates your basic regimen. 


lifts depression as it calms anxiety...rapidly and safely 


Acts swiftly—the patient often feels better, 
sleeps better, within two or three days. 
Unlike most other antidepressant drugs, 
Deprol relieves the patient quickly — often 
within two or three days. 


Acts safely — no danger of hypotension. 
Deprol does not cause hypotension, tachy- 
cardia, jitteriness, or liver toxicity. It can 
be safely administered with basic cardio- 
vascular therapy. 


“Deprol” 


WALLACE LABORATORIES 
Cranbury, N. J. 


Composition: 1 mg. 2-diethylaminoethyl benzilate hydrochloride 
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dollar 


IMPROVED PERFORMANCE— WITHOUT INCREASED COST— 


NOW AVAILABLE IN NEW SANBORN SYSTEMS DESIGNED SPECIFICALLY FOR BIOPHYSICAL RESEARCH 


For recording up to four physiologic phenomena 
simultaneously —two new Sanborn systems offer 
all the benefits, operating advantages and im- 
proved performance of modern electronic compo- 
nents and instrument design. Signals to each 
system are fed through versatile, highly devel- 
oped interchangeable preamplifiers available in 
ECG/General Purpose, Carrier, Low Level, Heart 
Sound and other types. Both vacuum tubes and 
transistors are used in the Preamplifiers, depend- 
ing on the best component for the particular cir- 
cuit. Additional reliability is obtained through 
the use of printed wiring boards and other elec- 
tronic advances. Recorders in each system are 


also of improved design. . 
MEDICAL 


Series “964” direct writing (heated stylus) sys- 
tem has frequency response to 125 cps, horizontal 
chart movement for easy viewing and notations, 
nine chart speeds from 0.25 to 100 mm/sec. 

Series ‘564” photographic system has identi- 
cal preamplifiers and packaging. It features five 
chart speeds, simplified controls for easy opera- 
tion, and 500 cycle galvanometers for recording 
phenomena beyond the response range of a di- 
rect writer. Other advantages include wide scale 
deflection(up to15cm)and ability tooverlap traces. 

For complete information call the nearest 
Sanborn Branch Office or Service Agency — or 
write Manager, Research Instrument Sales, 
Medical Division. 


DIVISION 


SAN BORN 


175 Wyman St., Waltham 54, Massachusetts 
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MODERN 


New York 
P. D. Brewer, R. P. Davis, 


RUGS and THE MODERN DRUG ENCYCLOPEDIA 
ADVERTISING REPRESENTATIVE 


Chicago 
R. H. Andrew, C. P. Haffner 
Telephone WAbash 2-7738 


L. F. LeJacq, J. S. Richards 
Telephone ORegon 9-4000 
z= 

Los Angeles 


San Francisco 


Blanchard-Nichols Associates 
Telephone YUkon 6-6341 


Blanchard-Nichols Associates 
Telephone DUnkirk 8-6134 
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Rautrax-N lowers high blood pressure gently, gradually ... protects 
against sharp fluctuations in the normal pressure swing. 


Rautrax-N offers all the advantages of Raudixin, 
Naturetin and potassium chloride in a single dosage 
form plus: increased efficacy — Combined action of 
Raudixin and Naturetin results in a potentiated anti- 
hypertensive effect greater than that produced by either 
drug alone. increased safety — Potentiated action per- 
mits lower dose of other antihypertensive agents, thus 
reducing severity of side effects. Protection against pos- 
sible potassium depletion. flexibility — Interchangeable 


with either Raudixin or Naturetin ¢ K. economy — Main- 
tenance dosage of only 1 or 2 tablets daily for most pa- 
tients. convenience — Once-a-day maintenance foneme. 
Two potencies available. 

Supply: Rautraz-N —capsule-shaped tablets providing 50 
mg. Raudixin, 4 mg. Naturetin and 400 mg. potassium 
chloride. Rautrax-N Modified — capsule-shaped tablets pro- 
viding 50 mg. Raudixin, 2 mg. Naturetin and 400 mg. 
potassium chloride. 


. 
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Squibb Quality 


or juct le 
~ the Priceless Ingredient 


— Standardized Whole Root Rauwolfia Serpentina ( Deviate) 


and Bendroflumethiazide (*Naturetin) with Potassium Chlori 
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If postcoronary management is 
of special interest to you, 
consider the demonstrated value 
of sublingual heparin... 


“In a controlled clinical study of 260 postcoronary 
patients, one-half were given sublingual heparin and 
one-half received conventional treatment. During 
the period of observation, averaging more than 2 
years per patient, there were 12 recurrent infarctions 
in the heparin-treated group and 38 in the control 


group. This difference is statistically significant.” 


Fuller, H. L.: Angiology 77:200 (June) 1960. 


Simple and safe for long-term therapy, Clarin* (sublingual heparin) effectively con- 
trols the prolonged postprandial lipemia associated with atherosclerosis by facilitating 
the normal physiologic breakdown of fats. Unlike parenteral heparin, the use of Clarin 
requires no clotting-time or prothrombin determinations. The antilipemic activity of 
each manufactured lot of tablets is confirmed by sublingual control tests in animals. 


Indication: For the management of hyperlipemia 
associated with atherosclerosis, especially in the 
postcoronary patient. Dosage: After each meal, 
hold one tablet under the tongue until dissolved. 
Supplied: Bottles of 50 pink, sublingual tablets, 
each containing 1500 I.U. heparin potassium. 


Clarin 


(sublingual heparin potassium, Leeming) 


An informative booklet, “Hyperlipemia, Heparin 
and Management of the Postcoronary Patient,” 
is available from Thos. Leeming & Co., Inc., 
155 East 44th St., New York 17, N. Y. 


“Registered trade mark. Patent applied for. 
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2. Clin. Res. 7:388, 1959. 


heparin sodium injection, U.S.P. Aqueous 
for intravenous or subcutaneous use 


1. California Med. 91:327 (Dec.) 1959. 


Heparin is the only substance that * 
has anticoagulant, antithrombotic | 
and antilipemic action. Heparin 
also reduces blood viscosity ele- 
vated by serum lipids’ and in- 
creases oxygen transfer to tissues 
during alimentary lipemia.’ 
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